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Abstract 
 
 
It is estimated that 95% of all federally endangered Indiana bats (Myotis sodalis) hibernate in 
71 hibernacula in the eastern US.  Given the species’ high site fidelity, seasonally heightened 
population densities, and the limited availability of suitable overwintering sites, land use and 
cover change (LUCC) near hibernacula is expected to affect wintering populations.  The 
landscapes surrounding hibernacula not only provide critical roosting and foraging habitat but 
also support the highly specific microclimates Indiana bats need for successful hibernation.  To 
date, the assumption has been that the greater the amount of forest cover, the better the habitat 
for Indiana bats.  The extent to which Indiana bat hibernacula may be threatened by LUCC has 
not been previously investigated.  Land adjacent to most hibernacula does not have land use or 
conservation protections; consequently, it is important that LUCC near hibernacula is evaluated 
to assess and prevent harmful impacts to wintering Indiana bat populations.  Landscape 
characterizations included measurements of land cover composition and spatial configurations, 
as well as climate and insolation variables.  I modeled potential future LUCC through 2016 near 
225 Indiana bat hibernacula using an empirically derived, stochastic projection model that 
combines Markov chain analysis, multi-criteria evaluation, and cellular automata.  Drivers of the model 
included biophysical and socioeconomic variables.  Characterization and modeling were 
performed at two spatial extents and at several management groupings chosen for their relevance 
to the species’ biology and conservation.  Two spatial extents approximating areas expected to 
be used by bats were considered, owing to the importance of scale in species habitat use.  The 
change in the forest proportion of the landscape ranged from 7.38 - 98.99% (mean 74.42% ± 
2.31% [90% CI]) in 1992, 4.91 - 95.142% (66.99% ± 2.12%) in 2001, and a projected 3.33 - 
78.09% (47.75% ± 2.15%) in 2016.  This change represents a 26.67% decrease in the mean 
proportion of forest surrounding hibernacula projected over 24 years.  The mean proportion of 
developed land was projected to increase by 7.82% by 2016.  The extent to which these rates of 
change in land use and cover will support conservation of the Indiana bat is an important 
question.  LUCC has and will likely trend towards more-isolated forest patches and, in some 
cases, extremely heterogeneous landscapes.  Results indicate that bat populations might best be 
supported by a certain degree and type of landscape heterogeneity rather than by maximum 
contiguous forest cover.  The major findings of this research are: 1.) hibernacula with greatest 
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Indiana bat population counts were surrounded by landscapes that were more heterogeneous than 
hibernacula with lower counts.  Bat populations at hibernacula were not highly correlated with 
forest cover alone as had been predicted, 2.) privately-owned hibernacula had more 
heterogeneous landscapes than federally-owned hibernacula, 3.) landscapes describing the 
smaller, more proximal expected use area near hibernacula were less heterogeneous than those 
for the larger expected use area, 4.) forest cover declined and is projected to decline further in 
every landscape surrounding hibernacula in this study, 5.) there was no clear pattern among 
landscape variables and geographic or management groupings, 6.) there was a linear relationship 
between Indiana bat population counts and landscape variables, including insolation, edge 
density, and proportion of forest cover. 
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 Introduction 
 
 
 Anthropogenic alteration of Earth’s natural systems takes many forms.  Among these, land 
use and cover change (LUCC) arguably has the greatest impact (Vitousek 1994).  One of the 
possible outcomes of LUCC is the loss and fragmentation of habitat (Houghton 1994).  Habitat 
loss and fragmentation has the potential to limit gene flow, colonization, migration, and range 
expansion, and is especially deleterious when habitat is rare (Minor and Urban 2008).  Although 
these impacts have been demonstrated for a diversity of taxa, species often exhibit specific 
responses to LUCC and the magnitude of impact may vary for different stages of their life cycle, 
or population processes (Fauth et al. 2001, Nicholoson 2006).     
 The Indiana bat (Myotis sodalis) is a federally endangered migratory species listed since 
1967 that inhabits the eastern US (Humphrey and Cope 1977).  During winter, M. sodalis 
hibernate below ground in caves and mines throughout karst areas of the eastern US (Figure 1) 
(Humphrey 1978, Gardner and Cook 2002).  Indiana bat summer habitat, where females form 
loose colonies while rearing young, is generally north of hibernacula (Kurta et al. 2002) (Kurta 
1991, Kurta et al. 1993, Gardner et al. 1996).  Males tend to migrate shorter distances or remain 
in the vicinity of hibernacula (Hobson and Holland 1995, Whitaker and Brack 2002).  Indiana 
bats exhibit strong site fidelity, generally returning to the same hibernacula and summer habitat 
each year (Lewis 1995, Gumbert et al. 2002).  Most (72%) use only ten caves or mines (Gardner 
and Cook 2002, USFWS 2007). 
 The 1967 listing of the Indiana bat was precipitated by drastic population declines at 
hibernacula (USFWS 2007).  In response, initial conservation efforts focused on the hibernacula 
specifically, mitigating human disturbance of bats during hibernation (e.g., intentionally killing 
or unintentionally arousing bats), then seen as the main threat to the species (Clawson 2002).  
For example, a single arousal can use as much as 68 days worth of fat reserves versus non-
interrupted hibernation (Thomas et al. 1990).  Moreover, bats can be disturbed non-tactilely 
(Thomas 1995).  Early efforts to protect the bats included human exclosures (Richter et al. 1993) 
and endangered species legislation. 
 Due to continued population declines, more recent research efforts have focused instead on 
summer habitat, including attention on habitat loss and fragmentation (e.g. Menzel et al. 2005, 
Sparks et al. 2005).  However, the impact of landscape features on insectivorous North American 
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bats’ use of hibernacula is not well-studied (Raesly and Gates 1987, Grindal and Brigham 1999).  
Limited evidence suggests that Indiana bats may demonstrate similar habitat preferences at both 
summer and winter sites (Gates et al. 1984, Gumbert et al. 2002, Brack and Whitaker 2006). 
 Summer habitat preferences include roosting in trees in forests (Kurta et al. 2002) and 
avoidance of large, non-forest open areas (Menzel et al. 2001).  Within their summer range, 
Indiana bats extensively use forest edge for foraging (Lee and McCracken 2004, Sparks et al. 
2005).  In addition, Indiana bats do not have a preference for the land cover class adjacent to the 
forest edge (Gehrt and Chelsvig 2003).  Foraging activity is related to temperature in the summer 
range (Ciechanowski et al. 2007); of Indiana bats and their insect prey are more active at warmer 
temperatures (Taylor 1963).   
  Indiana bats require hibernacula that provide specific microclimate conditions, including: 
stable winter temperatures below 10 degrees Celsius and relative humidity above 74 percent 
(USFWS 1999, Tuttle and Kennedy 2002).  Steady temperatures allow the bats to maintain the 
necessary rate of metabolism and conserve fat reserves during hibernation (Humphrey 1978, 
Richter et al. 1993).  The Indiana bat has among the most restrictive hibernation microclimate 
requirements known for North American bats and is vulnerable to climatic changes within 
hibernacula (e.g., Raesley and Gates 1987, Tuttle and Kennedy 2002).  The conservation of 
landscapes near hibernacula is decidedly paramount as specific microclimatic requirements alone 
leave a dearth of suitable sites (Menzel et al. 2001, Tuttle and Kennedy 2002, USFWS 2007).  
The abundance of bats within a given hibernacula is not limited by hibernacula size. 
 Although hibernacula microclimate is known to be important for determining the suitability 
of hibernation sites, additional biological conditions are essential for fueling metabolic demands 
during hibernation (Humphrey 1978, Richter et al. 1993).  After migrating from summer habitat 
and prior to hibernation, M. sodalis mate and must also replenish fat reserves.  During this life-
history stage known as swarming, bats use not only a hibernaculum but also day-roost in trees 
(Humphrey et al. 1977, Rommé et al. 2002, Kiser and Elliot 1996).  Indiana bats use these same 
landscapes in the spring before migration to recoup energy reserves expended during hibernation 
(Hobson and Holland 1995, Kurta et al. 2002).  
 Between 1967 and 2001, the overall trend of winter population counts for Indiana bats was 
negative (Figure 3).  The estimated population reduction was 57% during this period.  However, 
progress toward recovery emerged between 2003 and 2005 when an apparent 15% increase in 
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the population estimates was observed (USFWS 2007).  Unfortunately, these gains were short 
lived because of the emergence of White-Nose Syndrome (WNS).  The syndrome has decimated 
hibernating bat populations and has been recognized as perhaps the most ruinous affliction ever 
reported for bats (Frick et al. 2010).  Indiana bats have been found emaciated, dead, or dying in 
affected caves, with population mortality rates in excess of 90%.  WNS is named after a fungal 
growth on the face or body of affected bats (Blehert et al. 2009).  The probability of Indiana bat 
recovery has been severely reduced with the new threat of WNS.  Although the immediate threat 
posed by WNS warrants aggressive study and management, research and conservation needs 
identified prior to its emergence remain.  This is particularly true when opportunities to affect 
management may be irreversibly lost, as would be the case for LUCC near hibernacula.  When 
coupled with the species’ innate site fidelity, specialized resource requirements leave the Indiana 
bat particularly vulnerable.  Considering the finite number of suitable hibernacula, adjacent 
landscapes, which provide the necessary resources (i.e. food and shelter) for mating and pre-
hibernation deposition of fat reserves, are critically important to species persistence and recovery 
particularly in light of WNS. 
 Those in charge of defining and implementing Indiana bat recovery, the Indiana Bat 
Recovery Team have compiled a list of Recovery Actions presented in the US Fish and Wildlife 
Service (USFWS) Indiana Bat Recovery Plan (USFWS 2007).  The Recovery Actions that 
concern landscapes near hibernacula are below: 
  
● Assess current threats and conservation measures at all Priority1 (P1) and Priority 2 (P2) 
hibernacula and develop a prioritized list of hibernacula in need of remedial action. 
● Develop range-wide protocols for the assessing the general suitability of potential 
hibernacula and for conducting presence/probable absence surveys at potential 
hibernacula (Action 1.1.1.5). 
● Conserve and manage areas surrounding hibernacula (Action 1.1.4). 
● Characterize the land use and land use trends surrounding all P1 and P2 hibernacula via a 
geographic information system (GIS)-based analysis (Action 1.1.4.1). 
● Identify and prioritize P1 and P2 hibernacula with inadequately managed surrounding 
and buffers (Action 1.1.4.2). 
  
 Additionally, the US Army, a benefactor and collaborator in this research (via the US Army 
Corps of Engineers Engineering Research and Development Center Construction Engineering 
Research Laboratory [USACE ERDC CERL]), has a direct interest in species recovery as the 
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Indiana bat has been documented on eight US Army installations (Rubinoff et al. 2004) and 
potentially occurs on many others (Shapiro and Hohmann 2005).  The Endangered Species Act 
(ESA) requires all federal agencies to minimize actions that jeopardize threatened and 
endangered species or their critical habitats and includes provisions for protection and 
management on federal lands.  US Army implementation of ESA requirements is outlined in 
Army Regulation 200-3, Natural Resources-Land, Forest, and Wildlife Management (US Army 
1995).  However, preparing meaningful and attainable conservation goals is challenging with 
migratory species due to their life history that includes significant time off-post where there are 
unknown and potentially uncontrollable stressors.  These stressors can severely limit an US 
Army installation’s ability to meet its conservation goals for threatened and endangered species.  
Ascertaining the importance of the landscape surrounding hibernacula is necessary for the US 
Army to effectively manage for Indiana bat recovery.  
 I formulated my research objectives using the Recovery Actions and the US Army’s needs, 
both of which required a management perspective.  As such, the questions I explored had the end 
goal of informing management decisions, specifically the Recovery Actions and ancillary 
questions.  Hibernacula-related recovery goals within the Draft Recovery Plan fundamentally 
require a range-wide assessment.  Thus, the methods I employed measure similar landscape 
variables across a large expanse.   
 I investigated land cover class proportions as Indiana bats primarily use forest land cover as 
habitat (Menzel et al. 2001) and I expected an increase of agricultural or developed land would 
have a negative effect.  I also explored the spatial patterns of the land cover classes using 
landscape pattern indices (McGarigal 2002), as landscape pattern has been shown to be 
important in determining the quality and selection of habitat by species (Fauth et al. 2000).  
Landscape pattern indices describe the fragmentation of a landscape and provide information of 
the amount of edge or forest dominance (Ritters et al. 1995) both expected to affect bat habitat 
use (Avila-Flores and Fenton 2005).  Climate variables and insolation within the landscapes were 
also analyzed as greater values for temperature and insolation are correlated with greater 
abundance of insects and activity of bats and insects (Fu and Rich 2002, Frazier et al. 2006, 
Burles et al. 2008).  Each of the preceding landscape variables were chosen with regard to 
biological relevance and range-wide availability.  My response variables for Indiana bats were 
derived from biennial winter population counts.  Broadly, I was interested in: characterizing the 
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current landscapes surrounding Indiana bat hibernacula, projecting the future threat of LUCC 
within the landscape, and exploring the relationship between landscape variables and winter 
population counts of the Indiana bats. 
 I was interested in addressing questions based on hibernacula ownership.  Of the 225 
hibernacula that I used in my analyses, 26% are federally owned, 15% are state or locally owned, 
and 58% are privately owned.  Different owners have discrete obligations to Indiana bat 
recovery, and these varying responsibilities could result in habitat disparities pertinent to Indiana 
bat conservation.  Exploration of land owner information could help foster further understanding 
of ownership-related patterns, intentional and unintentional, driven by multiple processes and 
components that affect land use and their effect on overall bat recovery. 
 Hibernacula Priority Rankings (Table 1) are an important component of Indiana bat 
management.  Rankings are primarily based on winter population counts but also take into 
account geography and species conservation potential (USFWS 2007).  They are ubiquitous in 
the Recovery Plan and many recovery goals are inexorably linked to these rankings.  Due to their 
substantial importance within recovery and management goals, I deemed it necessary to examine 
the differences in population metrics and landscape variables in relation to Priority Rankings. 
 Given the substantial geographic range of M. sodalis, I was interested in comparing 
landscape variables among locations.  The Indiana bat Recovery Team has proposed the use of 
Recovery Units (Ozark-Central, Midwest, Appalachian Mountains, and Northeast) that are four 
spatial divisions of the Indiana bat range delimited based on genetic, demographic, and other 
biological factors that account for population resiliency and redundancy to assist in recovery 
planning (Figure 2) (USFWS 2007).  I used these Recovery Units to separate hibernacula and 
examine questions about geographic differences.  Evidence of variation between Recovery Units 
would not only work toward validating their use, but could also lead to more effective 
management of the species. 
 I added another layer to the management-based groupings of hibernacula; each group was 
also examined at different spatial scales (i.e. extents) and time-steps.  I used two biology-based 
spatial extents to evaluate the importance of scale for identifying Indiana bat response to LUCC.  
Additionally, I collected data from two observed time-steps for population count and landscape 
variables: 1992 and 2001.  Finally, I created a projected future time-step, 2016, to assess 
anticipated LUCC near hibernacula.  These additional factors could help characterize the 
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conservation status of hibernacula and surrounding landscapes and aid in identifying those most 
in need of management action. 
 I predicted that federally-owned hibernacula would provide better habitat than other owners 
would and as such would have greater population counts and a more positive population trend.  
Federal hibernacula have the most protections in place for landscapes near hibernacula (USFWS 
2007) and I expected the federal sites to have the greatest proportion of forest land cover and the 
least amount of fragmentation.   
 I predicted that Priority 1 hibernacula, with the greatest population counts, would have the 
greatest proportion of forest and the least proportion of developed land cover classes compared 
to other Priorities.  I also expected that the landscape surrounding Priority 1 hibernacula would 
be the least fragmented and dominated by forest land cover.  
 I predicted that landscapes within the smaller spatial extent would provide better habitat as 
indicated by a greater proportion of forest due land use restrictions (USFWS 2007) and 
unfavorable topography for most land uses that the larger extent did not have.  Due to these same 
reasons, I predicted that proportional forest loss would be less in the smaller spatial extent. 
 I predicted that there would be discernible patterns and differences in the landscape 
variables and Indiana bat population counts among Indiana bat Recovery Units.  I expected the 
Northeast Recovery Unit to have the lowest values for temperature potentially limiting bat and 
insect activity and heightening importance of habitat near hibernacula.  I also anticipated, given 
its northerly location, that it would the lowest values of insolation.  Insolation along with 
temperature and moisture determines net primary productivity, which in turn has been shown to 
influence insect abundance abundance (Frazier et al. 2006).  
  I predicted that Indiana bat population counts would have a relationship with landscape 
variables.  I expected to see a positive relationship between bat abundance and a greater 
proportion of forest land cover, insolation value, temperatures, forest dominance, and edge 
habitat availability.  I expected a negative relationship with the proportion of developed land 
cover. 
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Materials and Methods 
 
 
Study Area: 
 The locations of hibernacula were obtained from the USFWS Bloomington, Indiana 
Ecological Services Field Office (with cooperation from additional state and local agencies) 
through a memorandum of understanding with USACE ERDC CERL.  The range of M. sodalis 
covers much of the eastern US including the following 20 states:  Alabama, Arkansas, 
Connecticut, Illinois, Indiana, Iowa, Kentucky, Maryland, Michigan, Missouri, New Jersey, New 
York, North Carolina, Ohio, Oklahoma, Pennsylvania, Tennessee, Vermont, Virginia, and West 
Virginia.  Hibernacula are ranked (Priority 1, 2, 3, or 4) by the USFWS based on their value for 
species survival and recovery (USFWS 2007).  I chose to work with Priority 1, 2, and 3 
hibernacula (n = 225) found in 16 states (Figure 4) because of their importance for the species’ 
recovery and because they have the most complete biennial population counts.  The study area is 
geographically expansive and I wanted to use the same map projection for all sites to preserve 
analysis continuity (Blanton et al. 2009).  To accomplish this goal, and to minimize areal 
distortion across the species’ range, I used the USGS’s Albers equal-area conic projection for all 
spatial data (Snyder 1987). 
 
Characterization of recent land use and/or cover:  
 I characterized recent land cover for the landscapes surrounding M. sodalis hibernacula.  
These characterizations were conducted in a GIS and include descriptors of landscape 
composition and landscape spatial patterns (McGarigal and McComb 1995, Duchamp and 
Swihart 2008); they were also conducted with concern for the biological and ecological 
relevance of the Indiana bat (Humphrey et al. 1977, Gorresen and Willig 2005).  The landscapes 
were delimited at two spatial extents, 4.025 and 8.05 km radii, based on recorded flight distances 
during swarming and staging (Raesly and Gates 1987, Sparks et al. 2005) as well as USFWS 
restrictions on timber harvest near hibernacula (USFWS 2007).  Centered on hibernacula 
entrances, the landscapes are hereafter referred to as expected-use areas (EUA) (Figure 5).    
 The land cover of the EUA was derived from the US Geological Survey’s (USGS) National 
Land Cover Dataset (NLCD) that was available for the entire range of M. sodalis for the years 
1992 and 2001.  The grain size (raster cell size) of the NLCD is 30 m
2
, an appropriate distance 
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for the highly vagile Indiana bat (e.g. Barr et al. 2008, Loeb and O'Keefe 2006).  All other raster 
data were transformed to a grain size of 30 m
2 
to achieve consistency with the NLCD (Griffith et 
al. 2000). 
 The USGS’s satellite image classification process for the NCLD 2001 was completed more 
quickly than the 1992 dataset using computer-led automation (Homer et al. 2004).  Homer et al. 
(2004) found the NLCD 2001 to have an accuracy of 70 – 78%, whereas others (Thogmartin et 
al. 2004) found the 1992 dataset to be approximately 80% accurate.  Moreover, it is the general 
impression that the NLCD 1992 is more reliable due to greater resource availability (i.e. less 
automation) at the time of processing than the NLCD 2001 (Westervelt 2005).  In troublesome, 
anomalous cases (~ 5%) of disparity between the two datasets, I deferred to NLCD 1992, 
amending the NLCD 2001 to improve accuracy and continuity.  This was completed in the GIS 
software ArcMap 9.3.1 using the Raster Calculator tool (ESRI 2010).  The most common issue 
was to correct areas that were classified as developed or agriculture in 1992 could not feasibly 
become a forest by 2001, so I adjusted the datasets as warranted.  Additionally, Thogmartin et al. 
(2004) found reductions in the number of land cover classes improved the accuracy of the 
NLCD.  The NLCD has over 20 land cover classes with slight variations between 1992 and 
2001.  I aggregated the land cover classifications based on ecological relevance to M. sodalis, 
which resulted in five classes: agriculture, developed, forest, water, and wetland (Table 2) 
(Menzel et al. 2001, Gehrt and Chelsvig 2003).  
 
Land Use and Cover Change Modeling: 
 A future (i.e. year 2016) land cover possibility was modeled for each EUA (Figure 6).  The 
effort used the NLCD 1992 and 2001, as well as additional data acquired from the US Census 
Bureau and the USGS.  I opted to use an existing model for this study as numerous LUCC and 
urban encroachment models had already been developed and field-tested by LUCC professionals 
(e.g. Muller and Middleton 1994, Waddell 2002, Ottensmann 2003, Brown et al. 2005, Sun et al. 
2009).  I sought a model that included these characteristics: flexible data requirements; a well-
documented transparent approach; map accuracy assessment; a record of peer-reviewed use; 
options to exclude specified areas; and the ability to incorporate the influence of spatial 
contiguity, stochasticity, socioeconomic, as well as biophysical variables into the modeling 
process.  The model that met all or most of these criteria at the time of selection was 
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CA_MARKOV, which is available as a module within the GIS software IDRISI Taiga (Eastman 
2009a).  The methods of Markov chain analysis, multi-criteria evaluation, and cellular automata 
are combined in the CA_MARKOV LUCC model (Pontius and Malanson 2005).  I used the 
default settings within CA_MARKOV unless otherwise stated.  Detailed methodologies are 
available within the IDRISI Taiga User Manual (Eastman 2009b). 
 The five drivers of LUCC that I used in my projections were the following:  percent slope 
and distance to highways, roads, rivers, streams, and urban centers.  These were selected based 
on their range-wide availability and published records of previous use (Chomitz and Gray 1996, 
Verburg et al. 1999, Kline et al. 2001, Laurance et al. 2002, Kline et al. 2003, Walsh et al. 2003, 
Pontius Jr. et al. 2004, Tyrrell et al. 2004, Tang et al. 2005, McDonald and Urban 2006).  Each 
driver value was standardized (value: 0 - 255) using fuzzy logic (Zadeh 1965) and was assigned 
to a sigmoidal, j-shaped, or linear membership function.  Fuzzy membership functions do not 
have precise boundaries and the transition between membership and non-membership of a cell 
within the function is related to the curve types above (Zadeh 1965).  I assigned function 
membership type based on empirical evidence and expert opinion (e.g. Schneider and Pontius 
2001, Myint and Wang 2006).  This was completed for each driver for each of the five land 
cover classes (Table 3).  The two constraints to LUCC (i.e. areas not available for LUCC) that I 
used were water (any water feature that occupied at least half of a 30 m
2
-cell) and public land 
(i.e. state and federal lands) (Walsh et al. 2003).  Constraints were standardized with a binary 
classification (value: 0 or 1), and membership was either suitable or not-suitable for LUCC for 
each of the five land cover classes (Figure 7).  Not all EUA had all land cover classes or 
constraints due to the spatial heterogeneity of Earth’s landscapes (Turner et al. 2001).   
 Then, multi-criteria evaluation (MCE) was used to create suitability maps from the drivers 
and constraints for each land cover class for each EUA.  I used the analytical hierarchy process 
(AHP) (Saaty 1987, Nisar-Ahamed et al. 2000) with a pairwise comparison method (IDRISI 
module WEIGHT) to determine the relative importance of each driver for each land cover class 
(Table 4).  For example, each EUA used the same weights, and my decisions of relative 
importance made with AHP were a marriage of empirical data and my opinion (Figure 8) 
(Eastman et al. 1995, Clevenger et al. 2002). 
 Time-transition probabilities were estimated via a Markov chain analysis from the two prior 
land cover maps (i.e. NLCD 1992 and 2001) using the IDRISI module MARKOV (Eastman 
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2009b).  Transition probabilities establish the amount of LUCC expected to take place between 
each existing land cover category at the next (i.e. projected) time-step.  The Markov property is a 
memory-less property, meaning that each new transition depends only on the present and not the 
past and thereby incorporates randomness into the output (Wu et al. 1997).  Additionally, to 
account for map error, I included within the MARKOV module a proportional error of 15% 
based on NLCD accuracy and subsequent aggregation.  This essentially reduced the transition 
probabilities of a perfect land cover map by the proportional error rate. 
 Next, a cellular automaton via the CA_MARKOV module added an element of spatial 
contiguity by preferentially constraining the projected LUCC to areas near past transition.  That 
is, the cellular automaton reduces the suitability of a cell that is far away from other cells of the 
same land cover type.  As a result, a cell must be suitable and proximal for transition into a given 
land cover class.  Both of these concepts are widely used in LUCC models (e.g. Westervelt et al. 
2004, Sun et al. 2009). 
 Finally, a LUCC projection was created for each EUA by integrating the multiple criteria 
above (i.e. suitability map, transition probabilities, and cellular automaton).  The inherent 
suitability of each grid cell for each land cover type was calculated and this determined the final 
value for each cell.  The output was a five land cover class EUA for each of the hibernacula 
(Figure 5). 
 
Landscape Pattern Indices:  
 I analyzed the observed (1992 and 2001) and projected LUCC (2016) with landscape pattern 
indices (LPI) (O’Neill et al. 1988) to describe properties of the landscape relevant to the Indiana 
bat.  LPI are used to describe spatial patterns of landscapes and implied ecological processes 
(Gustafason and Parker 1992).  The relatively easy-to-use, free software Fragstats (McGarigal 
and Marks 1995) has made LPI usage in landscape-scale ecological studies commonplace.  
Although the accessibility of Fragstats has resulted in the widespread use of LPI in publications, 
there are systemic issues with LPI interpretation that need to be taken into account.  Specifically, 
many publications using Fragstats and/or LPI have not addressed the behavior of the metric in 
relation to the proportion of landscape disturbed (Hohmann and Just In preparation).  It has been 
demonstrated for many LPI that a value at either a high or a low level of disturbance (i.e. 
proportion of habitat [forest] in an EUA) can result in a similar value of the index (Figure 9) 
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(Gustafason and Parker 1992, Hargis et al. 1998).  Comparing LPI across time or space can be 
difficult, as the same LPI value at different levels of disturbance obfuscates interpretation 
(McGarigal 2002, Franklin et al. 2003).  While this issue has been known for over a decade, 
there has not yet been a consensus approach to sort out this non-monotonic behavior of LPI.  
Some solutions have been proposed (Cushman et al. 2008, McGarigal et al. 2009), but the 
usefulness of LPI in their current state has also been questioned (Dramstad 2009, McGarigal et 
al. 2009).  Given their past and continued use, LPI such as those derived in Fragstats remain the 
best approach available (Soverel et al. 2010).  
 Additionally, LPI are created from a finite number of basic parameters and, as such, many 
LPI are correlated (Li et al. 1993, Ritters et al. 1995); these correlations result in many LPI 
effectively capturing the same spatial pattern of the landscape.  I chose LPI that were triply 
biologically relevant to the Indiana bat, independent, and whose behavior with regard to 
proportional disturbance could be interpreted.  I was also interested in the proportion of each 
land cover class for each EUA (especially the proportion of forest habitat); this was also 
calculated in a GIS.  Each EUA was bordered by a 90-m land cover buffer of inverse values to 
ensure the LPI calculations involving edge were not unduly influenced by their artifactual 
excision from the larger landscape.  
  
Three-dimensional Landscape: 
 The NLCD represents land cover as two-dimensional and Fragstats’ LPI are calculated in a 
two-dimensional environment.  M. sodalis exist in and respond to a three-dimensional landscape 
(Brigham et al. 1997), and I wanted to explore the possibility of a three-dimensional world being 
a factor in the response of the Indiana bat winter population as well as differences between 
hibernacula groupings.  Working within the confines of the available datasets and methods to 
analyze them, I was able to determine the proportion of each land cover class within each EUA 
with regard to three-dimensionality (i.e. topography).  I extrapolated the three-dimensional land 
cover using the USGS’s NLCD and Digital Elevation Model (DEM) data and ArcMap 9.3’s 3D 
Analyst (Jenness 2004). 
  
Climate Data and Insolation: 
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 I assessed whether weather was a contributing factor to Indiana bat winter populations counts 
and/or EUA suitability.  Temperature can affect prey availability and foraging success of bats.  
Both bats and insects are more active at warmer temperatures (Ciechanowski et al. 2007, Burles 
et al. 2008).  Weather stations are sparse across the geographic range of the Indiana bat, which 
limits the utility of weather station data for a range-wide analysis.  Given the limited availability 
of recorded data, I chose to use data derived from the Parameter-Elevation Regressions on 
Independent Slopes Model (PRISM) that is a knowledge-based, statistical method for creating 
spatial climate output (Daly et al. 2002).  I obtained minimum temperature, maximum 
temperature, and precipitation raster data at monthly intervals from the PRISM Climate Group at 
Oregon State University.  I manipulated the data using tools from Spatial Analyst Toolbox in 
ArcMap 9.3.1 and calculated the yearly average of these three climate variables for 1992 and 
2001 at both extents. 
 As with the other analyses thus far, I needed to find a method that had complete and available 
data across the entire range of M. sodalis.  Fortunately I was able to derive insolation values, or 
kilowatt-hours per square meter per day (kW·h/[m
2
·day]), computed as a global average of the 
radiation capture for each EUA, calculated in ArcMap 9.3.1 with Solar Analyst’s default 
settings.  The output is the average yearly insolation for each EUA during 1992 and 2001 at both 
extents.   
The finest temporal resolution of the insolation and derived climate data was one month.  
I aggregated the data to use the entire year instead of growing season or bat residency dates 
because of the monthly temporal resolution that would have not been precise enough for those 
delineations. 
 
Random Locations: 
 Additionally, I created random EUA (n=115) for comparison with real EUA using ArcMap 
9.3.1 and the Geospatial Modelling Environment (Figure 10) (Beyer 2010).  I wanted to compare 
the land cover and LUCC between random and real sites in an effort to discern any advantageous 
properties for the Indiana bat from the real EUA.  The random EUA were constrained to areas 
near real EUA but with no spatial overlap.  The centers of random EUA were no further than 20 
km away from real EUA centers.  All analyses involving random EUA use a randomly selected 
subset of real EUA (n=115) for sample size concordance in statistical analyses. 
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Winter Population Metrics for Indiana Bats:  
 M. sodalis hibernacula are generally surveyed every two years (USFWS 2007).  The two 
techniques used to estimate populations are in situ visual estimates of bat cluster densities and ex 
situ estimates using digital photography.  These standardized procedures have been in place since 
1983 and include population error estimates from the surveyors (USFWS 2007).  I used these 
biennial winter population count data to derive the winter population metrics for my analyses.  
My landscape data are from two time-steps and I wanted the population metrics to be congruent 
with them.  There are known lag times between landscape changes and biological responses 
(Metzger et al. 2009).  Additionally, lag time between changes in spatial habitat variables and 
biological response have been documented for other vagile species (e.g. shrub land birds) (Knick 
and Rotenberry 2000).  Using the available count data, I created two population metrics for each 
year (i.e. 1992 and 2001), mean and trend, which reflected lag time considerations.  The 
population metrics each used five counts that were not temporally overlapping.  For example, the 
1992 mean metric is the arithmetic mean of the count data from 1988-1996.  The 1992 trend 
metric is the slope of the line fitted to the counts for the same time period.  If any EUA was 
missing more than two counts, the metric was excluded in further analyses.  When analyzing the 
Indiana bat winter population, the Indiana Bat Recovery Team uses a natural logarithmic 
transformation of the count data (USFWS 2007, Meretsky et al. 2010) and I did the same for the 
population metrics. 
 
Statistical Analyses: 
 My cursory selection of LPI was based on their independence from each other as noted in the 
literature (O'Neill et al. 1988).  However, I examined the LPI values from my dataset and 
calculated the Pearson product-moment correlation coefficient between each metric and percent 
forest cover (Rodgers and Nicewander 1988).  I did this at both spatial extents and for each year 
(i.e. 1992, 2001, and 2016).  With these results, I then made a final LPI selection based on 
independence within my data set.  The LPI included in my analyses are ED, LP, LSI, and PD 
(Table 5). 
 With no ready-made or published solution for addressing LPI behavior in relation to the 
proportion of landscape disturbed, I needed to create one.  After reviewing the literature and 
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consulting with a statistician (Gertner 2009), I proceeded with two approaches that would allow 
me to make more meaningful, interpretable inferences.  First, I used residuals in an effort to 
remove the effect of forest proportion from LPI values (Miles and Shevlin 2001).  To that end, I 
found the linear or polynomial regression that best described the relationship between percent 
forest cover and each LPI at each time-step and extent (McDonald 2009).  The residuals from 
these regressions could then be used in statistical analyses involving LPI.  I used the residual LPI 
values when addressing my questions concerning bat population metrics relationship to the 
landscape.  My second approach was to exclude from analyses those EUA that had less than half 
of their proportion in forest land cover.  This allowed me to make meaningful and interpretable 
comparisons, as the values within this range of disturbance are monotonic with respect to 
proportion of forest.  This resulted in approximately 20% of the EUA being excluded in analyses 
concerning LPI. 
 Statistical comparisons (e.g. population metric by priority ranking, proportion of forest of 
EUA by year, etc.) used the multiple response permutation procedure (Biondini et al. 1991, 
Mielke 1991) (MRPP).  With MRPP the data need not come from a Gaussian distribution and, as 
such, MRPP is more appealing than its parametric counterparts.  MRPP is a ‘data-dependent’ 
test, meaning that all the information for the test is contained within the dataset, as opposed to 
classical tests, which rely on information from parent distributions or populations (Biondini et al. 
1988).  For all MRPP analyses, estimates of the p-values used the Pearson’s Type III moment 
distribution to approximate the exact distribution.  Pearson’s Type III has been shown to avoid 
errors produced by Monte Carlo resampling (Mielke and Berry 2000).  I used the Akaike 
Information Criterion to access the relative goodness of fit of the regression models between 
population counts and landscape variables (Akaike 1974).  I calculated the most important 
predicator variable for each model.  I summed the weights for each predictor variable from each 
potential model with a delta AIC score of less than two (Anderson and Burnham 2002). 
 My landscape variables were those available range-wide and those I thought provided the 
best information to answer my questions and provide a meaningful management-focused 
relationship.  However, due to their constitution, I expected some collinearity among the 
variables (e.g. LPI and habitat proportion).   
 To minimize Type II error rates across the expansive geographic range of sites and relatively 
large size of EUA, results were considered statistically significant using α = 0.10 (Clair et al. 
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1998, Steventon et al. 1998).  Additionally, sample means are shown with 90% confidence 
intervals. 
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Results 
 
 
Prediction: Federally-owned hibernacula would provide better habitat than other owners.  
 
Land Cover Class Proportions: 
Within the 4.025 km and 8.05 km extent for 1992 there were differences between federal (n = 
59) and state sites (n = 35) for the proportion of forest (δ = -10.18, p < 0.001; δ = -9.34, p < 
0.001) and developed (δ = -9.06, p < 0.001; δ = -5.21, p = 0.002) land cover classes.  There were 
differences between federal and private sites (n = 131) for the proportion of forest (δ = -24.11, p 
< 0.001; δ = -19.50, p < 0.001) and developed (δ = -3.73, p = <0.013; δ = -5.83, p = 0.001) land 
cover classes. 
Within the 4.025 km and 8.05 km extent for 2001 there were differences between federal (n = 
59) and state sites (n = 35) for the proportion of forest (δ = -11.92, p < 0.001; δ = -12.95, p < 
0.001) and developed (δ = -5.21, p = 0.002; δ = -5.62, p = 0.002) land cover classes.  There were 
differences between federal and private sites (n = 131) for the proportion of forest (δ = -27.65, p 
< 0.001; δ = -21.762, p < 0.001) and developed (δ = -3.11, p = 0.016; δ = -4.36, p = 0.005) land 
cover classes. 
Within the 4.025 km and 8.05 km extent for 2016 there were differences between federal (n = 
59) and state sites (n = 35) for the proportion of forest (δ = -6.24, p = 0.001; δ = -9.34, p < 0.001) 
and developed (δ = -5.29, p = 0.003; δ = -9.06, p < 0.001) land cover classes.  There were 
differences between federal and private sites (n = 131) for the proportion of forest (δ = -24.97, p 
< 0.001; δ = -19.50, p < 0.001) and developed (δ = -10.52, p < 0.001; δ = -5.83, p = 0.001) land 
cover classes. 
Federally owned-sites had a greater proportion of forest land cover and a lesser proportion of 
developed land cover than both other owners at both extents and each year (Figures 11 - 14). 
 
Proportional Forest Loss: 
Within the 4.025 km extent proportional forest loss from 1992 to 2001 (federal [n = 59], state 
[n = 35], private [n = 131]), 1992 – 2016 (federal [n = 56], state [n = 35], private [n = 127]), and 
2001 – 2016 (federal [n = 57], state [n = 35], private [n = 127]) was different between federal 
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and state ownership (δ = -8.05, p < 0.001; δ = -2.37, p = 0.036; δ = -1.44, p = 0.078) and federal 
and private ownership (δ = -10.33, p < 0.001; δ = -10.34, p < 0.001; δ = -6.33, p < 0.001).    
Within the 8.05 km extent proportional forest loss from 1992 – 2001 and 1992 – 2016 was 
different between federal and state ownership (δ = -4.85, p = 0.004; δ = -1.50, p = 0.081) and 
federal and private ownership (δ = -4.00, p = 0.008; δ = -2.13, p = 0.044).  The proportional 
forest loss was from 2001 – 2016 was different between federal and state (δ = -0.34, p = .258) or 
federal and private (δ = -1.17, p = 0.112) owners.    
 The average proportional forest loss (8.05 km extent) between 1992 and 2001, 1992 – 2016 
and 2001 - 2016 by owner was: federal (9.40 [± 1.84]; 32.90 [± 3.42]; 26.24 [± 3.33]), state 
(15.79 [± 2.70]; 40.41 [± 5.12]; 25.74 [± 10.87]) and private (13.07 [± 1.40]; 38.05 [± 2.49]; 
28.28 [± 3.45]) hibernacula.  Federally-owned sites had the least amount of proportional forest 
loss at each of the time steps (Figures 15 and 16).  
 
Insolation and Climate Variables: 
There were differences between all climate and insolation variables within both extents and 
each year among federal and other owners except between federal and private owners for 2001 
precipitation at the 8.05 km extent (Tables 6 and 7).  Federal locations had the greatest values for 
maximum temperature, minimum temperature, and insolation whereas private locations had the 
lowest (Table 8). 
 
Landscape Pattern Indices: 
There were differences between federal and both other owners for each LPI at the 4.025 km 
and 8.05 km EUA extents in 1992, 2001 and 2016 (Tables 9 and 10).  In 1992 and 2001, at both 
extents, federally-owned site had the greatest average value for LP and the smallest average 
values for ED, LSI, and PD (Figure 17 and 18).  In 2016, at both extents, federal sites had the 
greatest average values for all LPI (Figure 19). 
 
Prediction:  The landscapes near Priority 1 hibernacula would have the greatest proportion of 
forest, the least proportion of developed land cover and are the least fragmented.  
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Land Cover Class Proportions: 
 
Within the 4.025 km extent for P1 there was a difference between the 1992 and 2001 
proportion of developed (δ = -6.49, p < 0.001; 2.57 [± 1.18], 6.84 [± 1.79]) land cover.  For P2 
there were differences between the 1992 and 2001 proportion of developed (δ = -30.63, p < 
0.001; 2.07 [± 1.13], 7.53 [± 1.67]) and forest (δ = -3.93, p = 0.009; 77.96 [± 4.82], 68.77 [± 
4.70]) land cover.  For P3 there were differences between the 1992 and 2001 proportion of 
developed (δ = -85.48, p < 0.001; 1.88 [± 0.78], 6.19 [± 0.94]) and forest (δ = -8.16, p < 0.001; 
78.53 [± 2.81], 70.64 [± 2.80]) land cover.  For P1 there were differences between each land 
cover proportion for 1992 and 2016, and 2001 and 2016 except developed land cover.  For P2 
there were differences between the 1992 and 2016 proportion of all classes except water and the 
2001 and 2016 proportion of all classes except water and wetland.  For P3 there were differences 
between the 1992 and 2016 and the 2001 and 2016 proportion of all classes except water (Table 
11). 
Within the 8.05 km extent for P1 there was differences between the 1992 and 2001 
proportion of developed (δ = -7.60, p < 0.001; 2.66 [± 1.21], 7.07 [± 1.66]) land cover.  For P2 
there were differences between the 1992 and 2001 proportion of developed (δ = -31.91, p < 
0.001; 2.37 [± 0.86], 6.96 [± 0.95]) and forest (δ = -3.47, p = 0.014; 75.61 [± 2.77], 67.35 [± 
2.62]) land cover.  For P3 there were differences between the 1992 and 2001 proportion of 
agricultural (δ = -2.41, p =0.035; 19.74 [± 2.49], 23.06 [± 2.33]), developed (δ = -85.91, p < 
0.001; 2.37 [± 0.86], 6.96 [± 0.95]) and forest (δ = -9.43, p < 0.001; 75.61 [± 2.77], 67.35 [± 
2.62]) land cover.  There were differences between each land cover proportion for P1 between 
1992 and 2016 except water and 2001 and 2016.  For P2 there were differences between the 
1992 and 2016 and the 2001 and 2016 proportion of all classes except water.  For P3 there were 
differences between the 1992 and 2016 and the 2001 and 2016 proportion of all classes except 
water (Table 12). 
Priority 1 EUA at both extents and each year had the greatest proportion of forest and least 
proportion of developed land cover.  
 
Forest Loss: 
Proportional forest loss from 1992 to 2001within the 4.025 km extent was different between 
P1 and P2 (δ = -6.01, p = 0.001) and P1 and P3 (δ = -1.84, p = 0.058).  The forest loss was 
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different between P1 and P2 (δ = -4.53, p = 0.005; δ = -2.09, p = 0.046) for 1992 – 2016 and 
2001 – 2016.  Within the 8.05 km extent proportional forest loss from 1992 to 2001 was different 
between P1 and P2 (δ = -5.19, p = 0.003) and P1 and P3 (δ = -3.50, p = 0.013).  The forest loss 
was different between P1 and P2 (δ = -4.53, p = 0.005; δ = -2.09, p = 0.046) for 1992 – 2016 and 
2001 – 2016.  P1 experienced the least amount forest loss at both extents for each time span 
(Table 13, e.g. 8.05 km extent - Figure 20).   
 
Landscape Pattern Indices: 
There were differences between P1(n = 22) and P2 (n = 49), and P1 and P3 (n = 129) for ED 
(δ = -1.55, p = 0.077; δ = -1.77, p = 0.063), LSI (δ = -1.62, p = 0.072; δ = -1.73, p = 0.065), and 
PD (δ = -2.62, p = 0.029; δ = -2.69, p = 0.027) at the 4.025 KM extent in 1992.  There was a 
difference between P1 (n = 21) and P2 (n = 45) in 2001 for PD (δ = -1.49, p = 0.081).  Within the 
8.05 km extent for 1992 I observed a difference between P1 (n = 22) and P2 (n = 47) for ED (δ = 
-2.72, p = 0.026), LP (δ = -1.36, p = 0.091), LSI (δ = -2.58, p = 0.030), and PD (δ = -2.42, p = 
0.034) and P1 and P3 (n = 127) for ED (δ = -1.68, p = 0.070).  
P1 hibernacula in 1992 and 2001 at both extents had the greatest average values for ED, LSI, 
and PD, and the lowest average values for LP (Table 14).  There were no significant differences 
for LPI between Priorities in 2016 at neither the 4.025 KM nor 8.05 km extent (e.g. 4.025 km 
extent – Figure 21).   
Within the 4.025 km extent for P1, there were differences for LSI and ED between 1992 and 
2001.  For P2 and P3 there were differences in all LPI between 1992 and 2001.  There were 
differences between 1992 and 2016 for all Priorities for each LPI except for P1 LSI and P2 ED.  
Between 2001 and 2016, there were differences between all Priorities and each LPI except P1 
LSI (Table 15).  Within the 8.05 km extent for P1 there was differences for ED, LP, and LSI 
between 1992 and 2001.  For P2 and P3 there were differences in all LPI between 1992 and 
2001.  There were differences between 1992 and 2016 for all Priorities and each LPI except for 
P2 ED and LSI.  Between 2001 and 2016, there were differences between all Priorities for each 
LPI (Table 16).  At both extents and for each times span P1 had the fewest differences. 
 
 
Insolation and Climate Variables: 
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The 1992 average insolation at the 4.025 km and 8.05 km extent was different between P1 (n 
= 22) and P3 (n = 129) (δ = -6.99, p < 0.001; δ = -7.10, p < 0.001).  The 2001 average insolation 
at the 8.05 extent was different between P1 (n = 21) and P3 (n = 127) (δ = -1.37, p = 0.092).  P1 
had the lowest average values of insolation in all extents and years (Table 17). 
 
Prediction: Landscapes within the smaller spatial extent would provide better habitat via a 
greater proportion of forest due and less proportional forest loss. 
 
Land Cover Class Proportions: 
There were differences in the proportion of the forest land cover class between EUA spatial 
extents (4.025 and 8.05 km) within each extent-year pair (e.g. 1992 4.025 km versus 1992 8.05 
km): 1992 ([n = 225], δ = -1.13, p = 0.094; 78.33 [± 2.24], 75.42 [± 2.23]), 2001 ([n = 225]. δ = -
1.63, p = 0.071; 70.21 [± 2.22], 66.99 [± 2.12]), and 2016 ([n = 219], δ = -7.67, p < 0.001; 54.94 
[± 2.22], 47.75 [± 2.56]).  The average proportion of forest land cover was greater in 4.025 km 
extents (Figure 22).  In 2001 and 2016, the proportion of developed land cover was greater in 
8.05 km extents (Figure 23).   
Within the 4.025 km and 8.05 km extent there were differences in the proportion forest and 
developed land cover classes between 1992 and 2001, 1992 and 2016, 2001 2016 (Table 18).  At 
both extents, there was loss of forest proportion and gain of developed proportion (Figures 22 
and 23). 
There were differences between real and random EUA within the 4.025 km and 8.05 km 
extents in the 1992, 2001, and 2016 proportion of forest and developed land cover classes.  
Random EUA had a greater average proportion of developed and a lesser average proportion of 
forest land cover classes than real EUA (Table 19). 
    
Proportional Forest Loss: 
The proportional forest loss from 1992 to 2001 (n = 225) was not significantly different 
between extents (δ = -0.29, p = 0.258).  The proportional forest loss was significantly different 
between extents for 1992 and 2016 ([n = 219], δ = -9.14, p < 0.001; 37.09 [± 1.95], 30.78 [± 
1.72]) and 2001 and 2016 ([n = 219], δ = -11.06, p < 0.001; 14.12 [± 1.04], 27.34 [± 2.73]).  The 
8.05 km extent had the greatest proportional forest loss (Figure 24). 
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The 1992 proportional forest loss in both 4.025 km and 8.05 km extents was different 
between random (n = 111) and real (n = 115) EUA (δ = -10.37, p < 0.001; δ = -6.75, p < 0.001).  
The proportional forest loss from 1992 to 2016 in both 4.025 km and 8.05 km extents was 
different between random and real EUA (δ = -13.63, p < 0.001; δ = -5.10, p = 0.003).  The 
proportional forest loss from 2001 to 2016 in both 4.025 km and 8.05 km extents was different 
between random and real EUA (δ = -11.85, p < 0.001; δ = -2.56, p = 0.029).   
The proportional forest loss for real EUA at the 4.025 km extent was 12.89 (± 2.32) for 1992 
– 2001, 29.37 (± 2.29) for 1992 – 2016, and 25.40 (± 3.89) for 2001 – 2016.  The proportional 
forest loss for random EUA at the 4.025 km extent was 18.80 (± 2.30) for 1992 – 2001, 40.74 (± 
4.44) for 1992 – 2016, and 32.00 (± 3.88) for 2001 – 2016.  
 The proportional forest loss for real EUA at the 8.05 km extent was 13.74 (± 2.02) for 1992 
– 2001, 36.20 (± 2.65) for 1992 – 2016, and 24.19 (± 4.75) for 2001 – 2016.  The proportional 
forest loss for random EUA at the 8.05 km extent was 17.67 (± 1.94) for 1992 – 2001, 43.52 (± 
3.07) for 1992 – 2016, and 31.35 (± 3.77) for 2001 – 2016.  The proportional forest loss was 
greater at random EUA for both extents and all time spans. 
 
Landscape Pattern Indices: 
There were differences between 1992 extents for LSI (δ = -80.59, p < 0.001) and LP (δ = -
1.39, p = 0.088).  There were differences between 2001 extents for LSI (δ = -155.95, p < 0.001) 
and LP (δ = -5.81, p = 0.002).  There were differences for LP (δ = -45.89, p < 0.001) and LSI (δ 
= -54.13, p <0.001) between spatial extents for 2016.  The 4.025 km extent had greater values for 
LP and lesser values for LSI for each year. 
Within the 4.025 km and 8.05 there were differences between 1992 and 2016 and 2001 and 
2016 for each LPI (Table 20).  I observed significant differences between each real versus 
random EUA for each extent-year pairing (Table 21).  Real EUA had significantly greater values 
for all LPI  
 
Prediction: There would be discernible patterns and differences in the landscape variables and 
among USFWS Recovery Units.  
 
Land Cover Proportions: 
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Within the 4.025 km extent and for each year there were many differences between the 
possible parings of RU for each land cover proportion (Tables 22 – 24).  Within the 8.05 km 
extent and for each year there were many differences between the possible parings of RU for 
each land cover proportion (Tables 25 – 27).  There was not an ecologically identifiable pattern 
between all of these differences (e.g. Figures 25 and 26).  However, the Northeast RU had a 
greater proportion of developed land cover than any other region and the Northeast RU also had 
a lesser proportion of forest land cover than all other RU, though not significantly (Table 28). 
 
Proportional Forest Loss: 
Within the 4.025 km and 8.05 km extents proportional forest loss from 1992 – 2001, 
1992 – 2016, and 2001 – 2016 there were many differences between RU.  Again, I was unable to 
detect a meaningful a pattern from the differences (e.g. Figure 27).  The Midwest RU and 
Northeast RU had the greatest proportional forest loss (Table 29). 
 
Landscape Pattern Indices: 
Within the 4.025 km extent there were differences between the Ozark-Central and all 
other RU for each LPI except LP for Appalachian Mountains and the Northeast RU for 1992.  
There was a difference between the Midwest and Appalachian mountains RU for PD (δ = -3.18, 
p = 0.017) in 1992.  There were differences between the Midwest and Northeast RU for all LPI 
in 1992.  There was a difference between the Appalachian Mountains and Northeast RU for all 
LPI except LP in 1992 (Table 30).  I found many differences between all RU and LPI in 2001 
(Table 31).   
Within the 8.05 km extent, there were differences between the Midwest and Northeast 
RU for all LPI in 1992.  There were differences between the Ozark-Central and all other RU for 
each LPI except LP for the Northeast RU, ED, and LSI for the Midwest RU in 2001.  There were 
differences between the Midwest and the Appalachian Mountains and Northeast RU, and the 
Appalachian Mountains and Northeast RU for all LPI except LP in 2001 (Table 32-34).  The 
Northeast RU had the greatest average values for ED, LSI, and PD (e.g. Figure 28). 
 There were no differences between RU for LPI at the 4.025 km extent in 2016.  There were 
differences within the 8.05 km extent between the Ozark-Central (n = 45) and Midwest (n = 46) 
RU for LP (δ = -2.42, p = 0.034), Ozark-Central and Appalachian Mountains (n = 19) RU for ED 
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(δ = -1.87, p = 0.057), LP (δ = -2.39, p = 0.035) and LSI (δ = -1.80, p = 0.061) and Midwest and 
Appalachian Mountains RU for ED (δ = -3.28, p = 0.015) and LSI (δ = -3.21, p = 0.016) in 2016.  
Again, there was lack of an ecologically discernable pattern for LPI between RU except for the 
values of LPI for all RU becoming more similar in 2016 (e.g. Figure 29). 
 
Insolation and Climate Variables: 
There were differences in minimum temperature, maximum temperature, and insolation 
within extent and year between all RU (Tables 35 – 38).  The Northeast RU had the lowest 
values for maximum temperature, minimum temperature, and insolation (Table 39). 
 
Prediction: Indiana bat population counts have a relationship with landscape variables.  
 
Hibernacula / EUA Owner: 
 The 1992 and 2001 population mean did not differ by owner.  The 1992 population trend 
differed between federal (n = 20) and private owners (n = 30) (δ = -1.62, p = 0.073).  The 1992 
average trend for federally-owned hibernacula was -0.075 (± 0.0734) and privately-owned 
hibernacula was 0.020 (± 0.049).  The 2001 population trend differed between federal and 
private owners (δ = -2.72, p = 0.025).  The 2001 trend for federally-owned hibernacula was -
0.018 (± 0.039) and privately-owned hibernacula was 0.055 (± 0.038).   
I examined mean and trend for each year and owner and attempted to fit a linear model using 
the landscape variables (i.e. proportion of forest land cover, proportion of developed land cover, 
ED, LP, LSI, PD, insolation, maximum temperature, minimum temperature and precipitation) 
from the large extent.  I found models with an adjusted R
2
 of greater than 0.35 for federally-
owned (1992 mean 4.025 km EUA [adj. R
2
 0.47], 1992 mean 8.05 km EUA [adj. R
2
 0.42], 2001 
mean 4.025 km EUA [adj. R
2
 0.36], 2001 mean 8.05 km EUA[adj. R
2
 0.36), state-owned (2001 
mean 8.05 km EUA [adj. R
2
 0.38] and 1992 trend 8.05 km EUA [adj. R
2
 0.96]), and privately-
owned (1992 trend 4.025 km EUA [adj. R
2
 0.47], 1992 trend 8.05 km EUA [adj. R
2
 0.59]) sites.  
Details of the models, including relative importance of variables, can be found in Appendix A 
(Tables 40 – 47). 
 
Hibernacula / EUA Priority Ranking: 
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The range-wide trend was not different between P1 (n = 21) and P2 (n = 18) (δ = 0.69, p = 
0.738), or P1 and P3 (n =24) (δ = 0.08, p = 0.391) for 1992.  P1 (n = 19) and P2 (n = 25) (δ = 
0.86, p = 0.912) or P1 and P3 (n = 19) (δ = -0.02, p = 0.362) for 2001.  
I examined mean and trend for each year and Priority and attempted to fit a linear model 
using the landscape variables from the large extent.  I found models with an adjusted R
2
 of 
greater than 0.35 for P1 (1992 trend  8.05 km EUA [adj. R
2
 0.56], 1992 trend 4.025 km EUA 
[adj. R
2
 0.63] , 2001 trend 4.025 km EUA [adj. R
2
 0.35],  2001 mean 4.025 km EUA [adj. R
2
 
0.49], and 2001 mean 8.05 km EUA [adj. R
2
 0.59]), and P2 (1992 mean  4.025 km EUA [adj. R
2
 
0.5], 1992 mean  8.05 km EUA [adj. R
2
 0.40], and 1992 trend  4.025 km EUA [adj. R
2
 0.48]).  
Details of the models, including relative importance of variables, can be found in Appendix A 
(Tables 48 – 55). 
 
 
8.05 km EUA: 
The range-wide population trend of all hibernacula was different between years (δ = -1.5, p = 
0.077).  The 1992 (n = 64) trend was -0.273 (± 0.020) and the 2001 (n = 86) trend was 0.032 (± 
0.015).   
I examined mean and trend for each year and attempted to fit a linear model using the 
landscape variables from the large extent.  There were no models with an adjusted R
2
 of greater 
than 0.35.  (i.e. greatest adjusted R
2
: 0.175).  
 
USFWS Recovery Units: 
The 1992 and 2001 population mean did not differ between RU.  The 1992 population trend 
differed between The Ozark-Central (n = 21) and the Midwest (n = 23) (δ = -2.32, p = 0.037), the 
Appalachian Mountains (n = 9) (δ = -4.62, p = 0.004) and the Northeast (n = 5) (δ = -2.13, p = 
0.043) RU.  The 1992 trend also differed between the Midwest and the Appalachian Mountains 
(δ = -2.47, p = 0.032) and the Northeast (δ = 0.15, p = 0.010) RU.  The 2001 population trend 
differed between Ozark-Central (n = 19) and Appalachian Mountains (n = 8) (δ = -3.03, p = 
0.018), and Midwest (n = 36) and Appalachian Mountains (δ = -1.80, p = 0.061) RU.  All RU 
had positive trends for 1992 and 2001. 
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I examined mean and trend for each year and USFWS Recovery Unit and attempted to fit a 
linear model using the landscape variables from the large extent.  I found models with an 
adjusted R
2
 of greater than 0.35 for the Ozark-Central (1992 mean 4.025 km EUA [adj. R
2
 0.42] 
and 1992 mean 8.05 km EUA [adj. R
2
 0.37]) and Midwest (2001 mean 8.05 km EUA [adj. R
2
 
0.48]) RU.  Details of the models, including relative importance of variables, can be found in 
Appendix A (Tables 56 – 58). 
 
 
Other: 
Two-dimensional versus three-dimensional land cover classes: 
There were differences between 3D total area and 2D total area.  However, there were no 
differences between proportions of individual land cover classes. 
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Discussion 
 
Prediction: Federally-owned hibernacula would provide better habitat than other owners.  
Contrary to my prediction, the average population trend associated with private ownership in 
both 1992 and 2001 was significantly greater than the federal ownership trend.  Given that 
federally-owned hibernacula had a significantly greater proportion of forest cover and a lesser 
proportion of agricultural and developed land cover than privately-owned hibernacula at the 
observed time-steps, I assumed that federally-owned sites would provide superior conditions for 
the Indiana bat.  Additionally, federal sites had significantly greater minimum and maximum 
temperature and insolation values than private sites.  Warmer temperatures have a positive 
relationship with Indiana bat foraging activity (Ciechanowski et al. 2007) as well as insect 
activity (Taylor 1963).  Myotis sodalis depend on resources within the EUA for survival and 
consequently require an environment that supports their prey (Kurta and Whitaker 1998, Lee and 
McCracken 2004, Zahn et al. 2007).  Higher temperature and insolation values are correlated 
with an increase in net primary productivity (NPP) (Fu and Rich 2002).  Furthermore, NPP has 
been demonstrated to be positively and strongly correlated with insect productivity (Frazier et al. 
2006).  It alsoappeared that the landscape variables would elect federal sites as the best Indiana 
bat habitat; federal locations had lower values for ED, PD, and LSI than private locations.  These 
LPI results indicate that, on average, federal sites are more homogenous (i.e. less fragmented) 
than private sites.  All of these factors seemed to indicate that federal sites would provide the 
most valuable landscape for M. sodalis.   
My initial predictions failed to take into account that the Indiana bat needs more than forest 
for reproduction and survival (Humphrey 1978, Brack 2006) (e.g. Figure 30).  The exact habitat 
needs of the Indiana bat are equivocal (Grindal and Brigham 1999, Gehrt and Chelsvig 2003, 
Morris et al. 2010) but there are a few agreed upon generalizations (Menzel et al. 2001).  Myotis 
sodalis typically roost in trees (in forests), but they preferentially forage along forest edges and 
corridors (e.g. riparian features, roads, etc) (Krusic et al. 1996, Sparks et al. 2005).  In contrast to 
federally-owned sites, privately-owned sites had greater proportions of agricultural and 
developed land cover classes and also greater values for PD, ED, and LSI.  LUCC reduced the 
proportion of forest and increased other land cover proportions, resulting in spatial patterns more 
heterogeneous than on federal sites.  For example, ED was approximately twice that for private 
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sites (40.30 [± 9.22]) in 1992 at the 4.025 km extent than federal sites (22.30 [± 3.75]).  This 
greater edge density near privately owned hibernaculamay be providing more foraging habitat 
than at federally owned hibernacula.   
The processes and phenomena that have led to the differences in the proportions and 
configuration of the landscapes between owners were not chosen for the benefit of evaluating 
various management techniques for the Indiana bat.  However, examination of these ownership 
classes has uncovered some patterns.  Namely, restrained heterogeneity in the landscape may be 
beneficial for M. sodalis.  The differences between federal and private owners with respect to 
cover heterogeneity may be partly attributed to the following:  generally, for a given area there 
will be a larger number of owners for private than for government-owned land (Sampson and 
DeCoster 2000).  There is evidence that a greater density of owners also increases fragmentation 
or landscape heterogeneity (Crow et al. 1999).  The dominance of a single land cover class 
(forest) for federal sites is not unexpected since these sites have additional regulations for 
endangered species and their habitat (Polasky et al. 1997, Wear and Murray 2004) and may 
demonstrate more adherence to regulations.  These observations suggest that more forest is not 
always best and that forest alone is not optimal winter habitat for M. sodalis. 
The above discussion relates to LUCC during the observed time-steps.  There were actual 
changes in landscape variables (1992 – 2001), but the management implications did not change 
between the observed time-steps (i.e. the changes in landscape variables values result in same 
management recommendations).  The findings between owners at the observed time-steps lend 
themselves to Indiana bat management and conservation discussions to consider not only the 
amount but also the configuration of the habitat.   
However, the results from the projected time-steps provide some concerns about the 
progression of landscape change.  Each period (i.e. 1992 – 2016 and 2001- 2016) by extent and 
ownership class experienced forest loss.  Alarmingly, the projected proportions of land cover 
classes reveal that EUA differences between ownership classes will become far less pronounced 
than they were at observed time-steps.  A look at the 2016 proportion of forest cover (8.05 km 
extent) for federal 48.48 (± 6.17), state 45.87 (± 4.56) and private 48.35 (±2.66) locations and 
proportion of developed land cover for federal 7.68 (± 2.02), state 10.33 (± 2.37) and private 
10.46 (± 1.31) sites illustrates a progression toward similarity.  Additionally, as expected, the 
changes in land cover proportions also led to changes in LPI (Gustafason and Parker 1992).  In 
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2016 the projected LPI values are significantly greatest for federally-owned sites.  This is the 
reversal of the observed time-steps in which federal sites had the lowest values for ED, LSI, and 
PD.  These changes may in fact benefit the Indiana bat as the sites become more alike with 
respect to their heterogeneity, based on the projected land cover class proportions and LPI 
values.   
While the landscape qualities of the different ownership classes may appear to be converging 
toward a favorable future, we must keep in mind that the landscapes are not expected to remain 
static.  The projected rate of forest loss appears to be unsustainable for Indiana bat conservation. 
 Discussion of landscape heterogeneity for Indiana bat protection should be considered, but not 
without concurrent discussion about retarding LUCC, particularly forest loss. 
Prediction:  The landscapes near Priority 1 hibernacula would have the greatest proportion of 
forest, the least proportion of developed land cover and are the least fragmented.  
 
While different Priority hibernacula may appear to be more suitable based on their winter 
population count of Indiana bats, there were no differences between either the 1992 or the 2001 
average trend between Priorities.  All Priorities had a negative trend in 1992 and a positive trend 
in 2001, following the overall population trend.  In addition, there were no differences in the land 
cover class proportions or climate variables between Priorities within extent and year.   
There were differences between Priorities for LPI.  For each year and each extent, P1 EUA 
had the greatest average values for ED, LSI, and PD and the smallest average values for LP. 
 These values indicate that P1 hibernacula had EUA that were least dominated by forest (LP) and 
also had a more fragmented (ED, LSI, and PD) landscape than other Priorities.  As discussed 
above, habitats with more heterogeneity and edge may be favorable for Indiana bats.   
During the observed time-step (1992 - 2001) at both extents, LUCC for P1 EUA were only 
different for the proportion of developed land cover.  Conversely, P2 and P3 EUA differed in the 
proportion of forest and developed land cover.  P1 EUA also experienced fewer differences in 
LPI values between 1992 and 2001 than either P2 or P3 EUA.  P1 EUA had the least amount of 
proportional forest loss between all time-steps.  These observations suggest that P1 EUA have 
the most stable landscape variables through time.  The Indiana bat’s high level of site fidelity 
may influence hibernacula selection through limited availability of landscapes with these 
aforementioned advantageous qualities.   
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The results from the observed time-step suggest that P1 EUA provide more suitable habitat, 
not only because of their greater landscape heterogeneity, but also due to landscape stability. 
 However, the 2016 LPI values for P1 EUA project that ED, LSI, and PD values will be lowest in 
P1 EUA, a reversal of the observed time-step values.  The EUA among Priorities are projected to 
become more similar in 2016 than they were in 1992 or 2001.  If the projected changes occur, it 
is likely that Indiana bat conservation will be compromised.  More than 50% of the population 
hibernates in P1 hibernacula and, if the landscapes can no longer support them, it is unlikely, 
given their site-fidelity and the proximity of P1 hibernacula that many bats will survive. 
Land cover is not static and the projected changes reinforce the call for landscape protection 
near hibernacula entrances.  Management implications and decisions based on the observed time-
step would include discussions about maintaining moderate levels of heterogeneity in the EUA 
for maximum M. sodalis conservation benefit.   
 My prediction that Priority 1 hibernacula would have the greatest proportion of forest and 
the lease fragmented landscapes was incorrect.  My expectation the Priority 1 hibernacula would 
have the least proportion of urban land cover was supported by my results. 
  
Prediction: Landscapes within the smaller spatial extent would provide better habitat via a 
greater proportion of forest due and less proportional forest loss. 
 
The significant differences between extents in the proportions of each land cover class have 
management implications.  The 4.025 km extent had a greater proportion of forest.  In addition, 
LP and LSI were different between extents for both years.  The LP value indicated that the 4.025 
km EUA had greater forest land cover class dominance and its LSI value signifies more 
aggregation and less edge than the 8.05 km EUA.  These differences between extents may be 
explained by the fact that most hibernacula are in karst caves (USFWS 2007).  The adjacent 
landscapes typically have steeper or more rugged topography, which may deter timber harvest, 
development, and farming due to unsuitability of the land for these uses (Munroe et al. 2005, 
Van Beynen and Townsend 2005).  The terrain within the 4.025 km EUA is increasingly harsh as 
its boundaries are closer to cave entrances (Williams 1993). 
Meanwhile the random EUA had a greater proportion of forest in the large versus the small 
extent.  Random EUA were not explicitly constrained to karst cave openings and may have fewer 
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limitations on LUCC due to topography than real EUA.  This result confirms that there is at least 
some protection, even if only indirect, from LUCC within the landscapes nearest hibernacula 
entrances.  
Both extents lost forest cover between each time span.  Even with the protections afforded by 
topography and regulations that damper forest loss and LUCC within the smaller EUA, its more 
homogenous qualities than the larger EUA indicate the larger extent may be necessary to 
adequate support the bats residing within the associated hibernacula.   
 My prediction that the landscapes within the smaller spatial extent would provide better 
habitat via a greater proportion of forest and that the proportional forest loss would be less in the 
smaller spatial extent could not be confirmed.  I think that the small extent alone does not 
provide adequate heterogeneity. 
 
Prediction: There would be discernible patterns and differences in the landscape variables and 
among USFWS Recovery Units.  
 
 My prediction that there would be discernible patterns in the landscape variables among 
USFWS Recovery Units was wrong.  Even though LUCC is known to be regionally different 
(Lambin et al. 2001), I did not find any meaningful pattern in the landscape variables between 
these geographic delineations.  There are definitely differences in land cover patterns (Homer et 
al. 2001) across the Indiana bat’s range.  It appears that the land cover of EUA are more alike 
than the land cover of the landscape at large (Gardner and Cook 2002).  Moreover, the exacting 
hibernacula requirements that the bats possess also lend credence to the idea that EUA are more 
similar across the range than the non-EUA landscapes.  That is they are able to find suitable 
hibernacula across their large geographic range.   
 I expected the Northeast RU to have the lowest values for temperature lessening bat and 
insect activity.  I also anticipated given its northerly location that it would have the lowest values 
of insolation reducing prey abundance.  It did have the lowest values for these variables but its 
positive population trend and not-different from the other RU mean did not support the idea of 
the Northeast RU providing fewer resources. 
 
Prediction: Indiana bat population counts have a relationship with landscape variables.  
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 There were linear models that were able to describe between 35 and 96% of the variance of 
either the mean or trend of the Indiana bat winter population metrics.  This is an interesting 
finding, especially since the species is migratory and is only associated with hibernacula for a 
portion of the year.  The species spends substantial time away from hibernacula and is subjected 
to any number of factors that could affect population counts.  Knowing this, these [relatively 
high] adjusted R
2 
values suggest that landscape variables and, potentially LUCC, are important 
with regard to Indiana bat populations.   
 When I compared all models with a good relative fit there was not a clear frontrunner for a 
relatively most important variable for all models.  However, the relationships between some of 
the variables and bat counts were contrary to my initial predictions.  For example, insolation was 
often one of the more important variables in the model, but unlike my prediction of a positive 
relationship between insolation and greater mean or trend it was the opposite.  Also, I expected a 
negative relationship with the proportion of developed land cover, but many of the models 
showed a positive relationship between the proportion of developed land cover class and Indiana 
bat population metrics.  This finding should not be surprising with the information available 
about the Indiana bat’s use of edge habitat.  An increase in the proportion of developed land 
cover often includes an increase in forest edge (Tyrell et al. 2004). 
 The large number of predictor variables and the inherent collinearity of some of them do not 
allow the models to be used for predictive tasks (McDonald 2009).  Further statistical work is 
needed to reduce the predictor variables and increase independence among them to create models 
that can be used to predict Indiana bat population metrics and determine with more accuracy 
which landscape variables are the most explanatory.  As is, the models are novel as landscape 
variables have not before been demonstrated to have a relationship with the Indiana bat 
population. 
 
Other: 
While the three-dimensional total area for the EUA (e.g. the 2016 average total area for the 
4.025 km EUA is 52.07 ± 0.15 km
2
 and 225.89 ± 2.72 km
2
 for the 8.05 km EUA) was 
significantly greater, none of the areas or proportions of the land cover classes between any of 
the groups were.  Myotis sodalis navigate in a three-dimensional environment but, for the 
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purposes of determining differences in management-based groups or for examining relationships 
between bat population metrics and the landscape, two-dimensional land cover data sets appear 
to be adequate.  Tools and data sets for exploring two-dimensional landscape are much more 
accessible and available. 
 
Caveats: 
Though most flight activity during swarming has been demonstrated to occur within 8.05 km 
of hibernacula entrances, there has been documentation of Indiana bats travelling much farther at 
P1 hibernacula (i.e. 31 km) (Hawkins et al. 2005).  Limited evidence suggests that bats may 
travel farther during swarming at large hibernacula due to possible foraging competition 
pressures (Brack 2006).  If this evidence is more than anecdotal, the spatial extent for P1 EUA 
may need to be enlarged to adequately assess landscape variables and bat population metrics. 
I observed no correlation between geographic and ecological (forest proportion) distances 
using a Mantel test (r = -0.009, p = 0.593) (Fortin et al. 2002), but I knew there was a spatial 
correlation concerning the distance between sites and forest.   I then tested for spatial 
autocorrelation (Legendre 1993) between percent forest cover and the distance between 
hibernacula within a 500 km range limit.  Here, I observed high levels of spatial autocorrelation 
at as far as 300 km between sites (Figure 31).  I attribute this lack of correlation in the Mantel 
test to the gigantic Indiana bat range in which correlations are probably being obscured by 
hibernacula that are in excess of 1000 km from each other.  Even with the high spatial 
autocorrelation I failed to find many significant observations. 
I would be naïve to think that the extents of my EUA were not influenced by even larger 
scales (Wiens 1989).  Examination of LUCC at summer and migratory habitat may be needed to 
accurately evaluate Indiana bat winter population estimates response to LUCC.  Additionally, 
despite their site-fidelity, Indiana bat populations at hibernacula may be influenced by large-
scale population dynamics (Richter et al. 1993, Coleman and Barclay 2011) that were not 
detectable using my design.  
Understandably, a range-wide assessment is desirable as it allows for broader insight into 
Indiana bat recovery and conservation.  I was able to identigy some patterns at this range-wide 
scale that should be considered when designing recovery and conservation goals.  The 
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relationships between these fortuitous management factors and bat response should be 
interpreted with prudence. 
 
Management Recommendations: 
 The fundamental management recommendation derived from my results is that both habitat 
amount and configuration are important for Indiana bat recovery.   Indiana bat wintering 
populations appear to respondrespond positively (i.e. population trend, count at hibernacula) to 
moderate levels of heterogeneity and forest fragmentation near hibernacula.   When 
contemplating new regulations for, and/or acquisitions of habitat near hibernacula, forest 
remnants with appropriate connectivity should be strongly considered for protection alongside 
large forest patches. 
 Unfortunately, more pressing matters must be addressed before incorporating landscape 
heterogeneity into management plans.  Mitigation for the substantial LUCC witnessed at the 
observed time-step and projected for the future, and also for the causalities from WNS is needed 
urgently.  The projected rate of forest loss and changes in other landscape variables are not 
compatible at any hibernacula with Indiana bat conservation and corrective measures must be 
taken to ensure recovery.  If WNS continues to spread, it is conceivable that there will be high 
levels of extirpation throughout the species’ range (Brooks 2011).  If bats are to ever be 
repatriated to sites of extirpation, attention must be paid to the landscapes surrounding 
hibernacula as they provide resources at one of the most critical times of Indiana bat life history.   
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Summary 
 
 
Characterizations of the landscapes near Indiana bat hibernacula included measurements of 
composition and spatial configurations, as well as climate and insolation variables.  I modeled 
potential future LUCC through 2016 near 225 Indiana bat hibernacula using an empirically-
derived, stochastic projection model.  Drivers of the model included biophysical and 
socioeconomic variables.  Characterization and modeling were performed at two spatial extents 
and at several management groupings chosen for their relevance to the species’ biology and 
conservation. 
I estimated the forest proportion of the landscape change from a range of 7.38 - 98.99% 
(mean 74.42% ± 2.31% [90% CI]) in 1992, 4.91 - 95.142% (66.99% ± 2.12%) in 2001, and a 
projected 3.33 - 78.09% (47.75% ± 2.15%) in 2016.  This change represents a 26.67% decrease 
in the mean proportion of forest surrounding hibernacula projected over 24 years.  The mean 
proportion of developed land was projected to increase by 7.82% by 2016.  The extent to which 
these rates of change in land use and cover will support conservation of the Indiana bat is an 
important question.  The assumption has been that the greater the forest cover, the better the 
habitat for Indiana bats. LUCC has and will likely trend towards more-isolated forest patches 
and, in some cases, extremely heterogeneous landscapes.  Research results indicate, however, 
that bat populations might best be supported by a certain degree and type of stable landscape 
heterogeneity rather than by maximum contiguous forest cover. 
 
The major findings of this research are: 
 
1.) Hibernacula with greatest Indiana bat population counts were surrounded by landscapes 
that were more heterogeneous and han hibernacula with lower counts.  Bat populations at 
hibernacula were not highly correlated with forest cover alone as had been predicted. 
2.) Privately-owned hibernacula had more heterogenous landscapes than federally-owned 
hibernacula.  
3.) . Landscapes describing the smaller, more proximal expected use area near hibernacula 
were less heterogeneous than those for the large expected use area.  
  
35 
 
4.) Forest cover declined and is projected to decline further in every landscape surrounding 
hibernacula in this study. 
5.) There was no clear pattern among landscape variables and geographic or management 
groupings. 
6.) There was a linear relationship between Indiana bat population counts and landscape 
variables, including insolation, edge density and proportion of forest cover. 
 
    Characterizing LUCC near Indiana bat hibernacula is an important first step in developing a 
holistic understanding of Indiana bat population dynamics and understanding why the species 
has not recovered.  Furthermore, LUCC model projections provide a starting point from which to 
ask questions, formulate hypotheses, propose conservation actions, and make comparisons. 
The fundamental management recommendation derived from my results is that both habitat 
amount and configuration are important for Indiana bat recovery.    
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Figures and Tables 
 
Figure 1.  Counties where Indiana bat hibernacula are known to occur (dark green = Priority 1, 
medium green = Priority 2, light green = Priority 3). 
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Figure 2.  US counties for each USFWS Recovery Unit (from left to right: Ozark-Central 
[orange], Midwest [green], Appalachian Mountain [blue] and Northeast [yellow]). 
 
 
  
  
38 
 
Table 1.  USFWS hibernacula Priority Ranking descriptions. 
 
Priority  Description  
Priority 1 
(P1) 
Essential to recovery and long-term conservation of M. sodalis. Priority 1 hibernacula 
typically have (1) a current and/or historically observed winter population ≥ 10,000 
Indiana bats and (2) currently have suitable and stable microclimates 
Priority 2 
(P2) 
Contributes to recovery and long-term conservation of M. sodalis. Priority 2 hibernacula 
have a current or observed historic population of 1,000 or greater but fewer than 10,000 
and an appropriate microclimate. 
Priority 3 
(P3) 
Contribute less to recovery and long-term conservation of M. sodalis. Priority 3 
hibernacula have current or observed historic populations of 50-1,000 bats. 
Priority 4 
(P4) 
Least important to recovery and long-term conservation of M. sodalis. Priority 4 
hibernacula typically have current or observed historic populations of fewer than 50 bats 
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Figure 3.  Range-wide winter population estimates from 1965 to 2005 from the USFWS’s 
Indiana Bat Draft Recovery Plan: First Revision (2007) 
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Figure 4.  Range-wide distribution of Indiana bat Priority 1 - 3 hibernacula by US county. 
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Figure 5.  Expected-Use Areas (EUA) for three Priority 1 Indiana bat hibernacula at two extents 
(8.05 km and 4.025 km), as well as two observed (1992 & 2001) and one projected (2016) time-
step.  Hibernacula are situated top-to-bottom from the least to the greatest amount of forested 
land.   
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Table 2.  National Land Cover Dataset classifications for 1992 and 2001, and the aggregation of 
those land cover classifications used in this thesis. 
 
  
NLCD 1992 NLCD 2001 Analysis 
11 - Open water 11 - Open water 1 - Water 
21 - Low Intensity Residential  
22 - High Intensity Residential 
23 - Commercial/Industrial/Transportation 
31 - Bare Rock/Sand/Clay 
32 - Quarries/Strip Mines/Gravel Pits 
33 - Transitional 
85 - Developed/Recreational Grasses 
21 - Developed, Open Space  
22 - Developed, Low Intensity  
23 - Developed, Med. Intensity  
24 - Developed, High Intensity 
31 - Barren Land 
32 - Unconsolidated Shore 
71 – Grassland/Herbaceous 
2 - Developed 
41 - Deciduous Forest 
42 - Evergreen Forest 
43 - Mixed Forest 
51 - Shrubland 
41 - Deciduous Forest 
42 - Evergreen Forest 
43 - Mixed Forest  
52 - Scrub/Shrub 
3 –Forest 
61 - Orchards/Vineyards/Other 
81 - Pasture/Hay82 - Row Crops  
83 - Small Grains  
84 - Fallow  
85 - Developed/Recreational Grasses 
81 - Pasture/Hay 
82 - Cultivated Crops 
4 - Agriculture 
91 - Woody Wetlands  
92 - Emergent Herbaceous Wetlands 
90 - Woody Wetlands 
95 - Emergent Herbaceous Wetland 
5 - Wetland 
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Figure 6.  Flow chart of land use and cover change modeling procedure. 
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Figure 7.  Standardized (fuzzy logic, value: 0 -255) drivers and constraints of land use and cover 
change for the developed land cover class.  These inputs were combined using a multiple criteria 
evaluation for use in the CA_MARKOV land use and cover change model.  From left to right, 
top to bottom:  constraint – water (A); drivers - distance to highways (B), roads (C), rivers and 
streams (D), developed centers (E), and percent slope (F). 
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Table 3.  Land use change drivers by land cover class and driver function membership type.  
Values shown under categories a, b, c and d are control points (m) describing the relationship of 
suitability for transition by land cover type (e.g. monotonically increasing suitability for LUCC 
transition to water the farther away it is from highways). 
 
Function 
Membership 
Type 
Driver 
Land Cover 
Class 
a b c d 
Sigmoidal Highway 1 - Water 100 800 800 800 
Sigmoidal Road 1 - Water 100 800 800 800 
J-shaped Slope 1 - Water 1 1 1 10 
Sigmoidal 
Rivers and 
Streams 
1 - Water 0 400 400 400 
Linear Developed 1 - Water 11256 128393 128393 128393 
J-shaped Highway 2 - Developed 50 50 50 400 
J-shaped Road 2 - Developed 25 25 25 200 
Sigmoidal Slope 2 - Developed 0 0 0 15 
Sigmoidal 
Rivers and 
Streams 
2 - Developed 100 100 100 800 
Linear Developed 2 - Developed 11256 11256 11256 128393 
Sigmoidal Highway 3 - Forest 100 800 800 800 
Sigmoidal Road 3 - Forest 100 600 600 600 
J-shaped Slope 3 - Forest 0 0 0 50 
Sigmoidal 
Rivers and 
Streams 
3 - Forest 0 0 0 100 
Linear Developed 3 - Forest 11256 128393 128393 128393 
Sigmoidal Highway 4 - Agriculture 100 1000 1000 1000 
Sigmoidal Road 4 - Agriculture 50 500 500 500 
J-shaped Slope 4 - Agriculture 0 0 0 10 
Sigmoidal 
Rivers and 
Streams 
4 - Agriculture 50 800 800 800 
Linear Developed 4 - Agriculture 11256 128393 128393 128393 
Sigmoidal Highway 5 - Wetlands 100 800 800 800 
Sigmoidal Road 5 - Wetlands 50 400 400 400 
J-shaped Slope 5 - Wetlands 1 1 1 10 
Sigmoidal 
Rivers and 
Streams 
5 - Wetlands 0 400 400 400 
Linear Developed 5 - Wetlands 11256 128393 128393 128393 
  
46 
 
 
Table 4.  Pairwise comparison weights for each land cover class created using the analytical 
hierarchy process within the IDRISI GIS software.  These weights are used to create a suitability 
image for the landscape surrounding each hibernaculum.  The suitability image is then used 
within the CA_MARKOV land use and cover change model to project future land cover. To 
arrive at the relative importance of each driver for each land cover class I used empirical data 
and my opinion of the landscapes. 
 
Driver 
1 
Water 
2 
Developed 
3 
Forest 
4 
Agriculture 
5 
Wetlands 
Highways 0.0746 0.3692 0.1112 0.0603 0.0746 
Roads 0.0746 0.2670 0.1111 0.2003 0.0746 
Rivers and Streams 0.2033 0.0441 0.3333 0.1801 0.2033 
Slope 0.3929 0.1004 0.3333 0.4310 0.3929 
Developed 0.2546 0.2193 0.1111 0.2003 0.2546 
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Figure 8.  Example suitability images produced with a multiple criteria evaluation for use in the 
CA_MARKOV land use and cover change model.  Areas in red are those that are most suitable 
for transition into a given land cover class (top to bottom: developed and forest).    
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Figure 9.  Graph depicting non-monotonic relationship between proportion of forest cover and 
Landscape Shape Index value.  This example uses land cover data for 1992 at the 8.05 km extent.  
Notice the similar values for LSI at 0% and 100% forest cover. 
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Figure 10.  Location of random EUA (dots) and US counties (green) with Indiana bat Priority 1 – 
3 hibernacula. 
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Table 5.  Landscape pattern index descriptions adapted from the Fragstats software manual. 
 
Metric Description 
Edge density (ED) The sum of lengths of all edge segments of patch 
type divided by total landscape area  
Largest Patch Index (LP) LPI equals the area (m
2
) of the largest patch in the 
landscape divided by total landscape area (m
2
), 
multiplied by 100 (to convert to a percentage) 
Landscape Shape Index (LSI) LSI, measures landscape complexity and 
aggregation, equals the total length of edge in the 
landscape, given in number of cell surfaces, divided 
by the minimum total length of edge possible, also 
given in number of cell surfaces 
Patch Density (PD) PD equals the number of patches in the landscape, 
divided by total landscape area  
Percent Forest Habitat in EUA   (PFOR) Equals the percentage the landscape comprised of 
forest land cover 
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Figure 11.  Average proportion of forest cover (with 90% confidence intervals) within a 4.025 
km radius of hibernacula entrances by hibernacula owner and year (federal = blue, private = red, 
state = green).  
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Figure 12.  Average proportion of forest cover (with 90% confidence intervals) within an 8.05 
km radius of hibernacula entrances by hibernacula owner and year (federal = blue, private = red, 
state = green). 
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Figure 13.  Average proportion of developed land cover (with 90% confidence intervals) within a 
4.025 km radius of hibernacula entrances by hibernacula owner and year (federal = blue, private 
= red, state = green).  
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Figure 14.  Average proportion of developed land cover (with 90% confidence intervals) within 
an 8.05 km radius of hibernacula entrances by hibernacula owner and year (federal = blue, 
private = red, state = green). 
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Figure 15.  Average proportional forest loss (with 90% confidence intervals) within a 4.025 km 
radius of hibernacula entrances by hibernacula owner (federal = blue, private = red, state = 
green) and time span (left to right, 1992 – 2001, 1992 -2016, and 2001 -2016). 
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Figure 16.  Average proportional forest loss (with 90% confidence intervals) within an 8.05 km 
radius of hibernacula entrances by hibernacula owner (federal = blue, private = red, state = 
green) and time span (left to right, 1992 – 2001, 1992 -2016, and 2001 -2016). 
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Table 6.  Results (multiple response permutation procedure) for insolation (INSO) and climate 
variables (precipitation [PPT], maximum temperature [TMAX], minimum temperature [TMIN]) 
between hibernacula owners within the 4.025 km spatial extent in 1992 and 2001.  Significant 
results are in bold. 
 
Variable Year δ P-Value Group S1 Group S2 
INSO 4.025 km: 1992 Federal vs. Private -5.812 0.001 59 131 
PPT 4.025 km: 1992 Federal vs. Private -6.729 0.001 59 131 
TMAX 4.025 km: 1992 Federal vs. Private -14.778 0.000 59 131 
TMIN 4.025 km: 1992 Federal vs. Private -10.754 0.000 59 131 
INSO 4.025 km: 1992 Federal vs. State -11.547 0.000 59 35 
PPT 4.025 km: 1992 Federal vs. State -2.795 0.024 59 35 
TMAX 4.025 km: 1992 Federal vs. State -10.098 0.000 59 35 
TMIN 4.025 km: 1992 Federal vs. State -12.639 0.000 59 35 
INSO 4.025 km: 1992 State vs. Private -2.818 0.023 35 131 
PPT 4.025 km: 1992 State vs. Private -0.307 0.249 35 131 
TMAX 4.025 km: 1992 State vs. Private -2.223 0.041 35 131 
TMIN 4.025 km: 1992 State vs. Private -1.816 0.060 35 131 
INSO 4.025 km: 2001 Federal vs. Private -8.381 0.000 59 131 
PPT 4.025 km: 2001 Federal vs. Private -6.160 0.001 59 131 
TMAX 4.025 km: 2001 Federal vs. Private -6.160 0.001 59 131 
TMIN 4.025 km: 2001 Federal vs. Private -10.607 0.000 59 131 
INSO 4.025 km: 2001 Federal vs. State -13.454 0.000 59 35 
PPT 4.025 km: 2001 Federal vs. State -26.147 0.000 59 35 
TMAX 4.025 km: 2001 Federal vs. State -26.147 0.000 59 35 
TMIN 4.025 km: 2001 Federal vs. State -14.895 0.000 59 35 
INSO 4.025 km: 2001 State vs. Private -3.038 0.019 35 131 
PPT 4.025 km: 2001 State vs. Private -11.737 0.000 35 131 
TMAX 4.025 km: 2001 State vs. Private -11.737 0.000 35 131 
TMIN 4.025 km: 2001 State vs. Private -3.154 0.018 35 131 
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Table 7.  Results (multiple response permutation procedure) for insolation (INSO) and climate 
variables (precipitation [PPT], maximum temperature [TMAX], minimum temperature [TMIN]) 
between hibernacula owners within the 8.05 km spatial extent in 1992 and 2001.  Significant 
results are in bold 
 
Variable Year δ P-Value Group S1 Group S2 
INSO 8.05 km: 1992 Federal vs. Private -6.478 0.001 59 131 
PPT 8.05 km: 1992 Federal vs. Private -5.801 0.002 59 131 
TMAX 8.05 km: 1992 Federal vs. Private -14.813 0.000 59 131 
TMIN 8.05 km: 1992 Federal vs. Private -10.646 0.000 59 131 
INSO 8.05 km: 1992 Federal vs. State -12.508 0.000 59 35 
PPT 8.05 km: 1992 Federal vs. State -2.797 0.024 59 35 
TMAX 8.05 km: 1992 Federal vs. State -10.111 0.000 59 35 
TMIN 8.05 km: 1992 Federal vs. State -12.453 0.000 59 35 
INSO 8.05 km: 1992 State vs. Private -2.707 0.026 35 131 
PPT 8.05 km: 1992 State vs. Private -0.178 0.284 35 131 
TMAX 8.05 km: 1992 State vs. Private -2.361 0.037 35 131 
TMIN 8.05 km: 1992 State vs. Private -2.213 0.035 35 131 
INSO 8.05 km: 2001 Federal vs. Private -8.840 0.000 59 131 
PPT 8.05 km: 2001 Federal vs. Private -0.059 0.323 59 131 
TMAX 8.05 km: 2001 Federal vs. Private -13.406 0.000 59 131 
TMIN 8.05 km: 2001 Federal vs. Private -10.345 0.000 59 131 
INSO 8.05 km: 2001 Federal vs. State -14.859 0.000 59 35 
PPT 8.05 km: 2001 Federal vs. State -11.163 0.000 59 35 
TMAX 8.05 km: 2001 Federal vs. State -7.962 0.000 59 35 
TMIN 8.05 km: 2001 Federal vs. State -14.598 0.000 59 35 
INSO 8.05 km: 2001 State vs. Private -3.066 0.018 35 131 
PPT 8.05 km: 2001 State vs. Private -9.941 0.000 35 131 
TMAX 8.05 km: 2001 State vs. Private -2.844 0.024 35 131 
TMIN 8.05 km: 2001 State vs. Private -3.123 0.018 35 131 
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Table 8.  Average (with 90% confidence intervals) yearly insolation ([kW·h/{m
2
·day}], [INSO]) 
and climate variables (precipitation [mm], [PPT], maximum temperature [C], [TMAX], 
minimum temperature [C], [TMIN]).  Values are for the 4.025 and 8.05 km landscape spatial 
extents in 1992 and 2001by hibernacula owner. 
 
 INSO PPT TMAX TMIN 
4.025 km: 1992 Federal 0.142 ± 0.01 96.906 ± 3.276 18.176 ± 0.509 5.901 ± 0.419 
4.025 km: 1992 Private 0.139 ± 0.007 97.831 ± 1.121 17.864 ± 0.311 5.788 ± 0.309 
4.025 km: 1992 State 0.145 ± 0.01 96.078 ± 1.892 18.074 ± 0.452 6.061 ± 0.412 
4.025 km: 2001 Federal 0.162 ± 0.01 100.96 ± 3.467 50.51 ± 1.734 6.748 ± 0.397 
4.025 km: 2001 Private 0.157 ± 0.007 102.763 ± 1.797 51.411 ± 0.898 6.525 ± 0.277 
4.025 km: 2001 State 0.162 ± 0.008 102.065 ± 2.751 51.063 ± 1.375 6.747 ± 0.342 
     
8.05 km: 1992 Federal 0.141 ± 0.01 97.186 ± 3.046 18.15 ± 0.514 5.882 ± 0.424 
8.05 km: 1992 Private 0.139 ± 0.007 97.905 ± 1.096 17.862 ± 0.312 5.779 ± 0.308 
8.05 km: 1992 State 0.145 ± 0.01 96.407 ± 1.895 18.065 ± 0.449 6.057 ± 0.41 
8.05 km: 2001 Federal 0.161 ± 0.01 97.629 ± 3.767 19.275 ± 0.523 6.724 ± 0.401 
8.05 km: 2001 Private 0.156 ± 0.007 98.339 ± 1.696 18.974 ± 0.274 6.515 ± 0.278 
8.05 km: 2001 State 0.162 ± 0.008 97.35 ± 2.439 19.149 ± 0.402 6.744 ± 0.338 
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Table 9.  Results (multiple response permutation procedure) for landscape pattern indices (edge 
density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) 
between hibernacula owners within the 4.025 km spatial extent in 1992, 2001 and 2016.  
Significant results are in bold. 
 
LPI Year δ P-Value Group S1 Group S2 
ED 4.025 km: 1992 Federal vs. Private -17.361 0.000 59 111 
LP 4.025 km: 1992 Federal vs. Private -14.786 0.000 59 111 
LSI 4.025 km: 1992 Federal vs. Private -16.963 0.000 59 111 
PD 4.025 km: 1992 Federal vs. Private -6.463 0.001 59 111 
ED 4.025 km: 1992 Federal vs. State -13.501 0.000 59 30 
LP 4.025 km: 1992 Federal vs. State -4.590 0.005 59 30 
LSI 4.025 km: 1992 Federal vs. State -13.760 0.000 59 30 
PD 4.025 km: 1992 Federal vs. State -14.118 0.000 59 30 
      
ED 4.025 km: 2001 Federal vs. Private -13.588 0.000 58 103 
LP 4.025 km: 2001 Federal vs. Private -18.062 0.000 58 103 
LSI 4.025 km: 2001 Federal vs. Private -12.719 0.000 58 103 
PD 4.025 km: 2001 Federal vs. Private -3.175 0.017 58 103 
ED 4.025 km: 2001 Federal vs. State -10.302 0.000 58 29 
LP 4.025 km: 2001 Federal vs. State -7.705 0.000 58 29 
LSI 4.025 km: 2001 Federal vs. State -10.267 0.000 58 29 
PD 4.025 km: 2001 Federal vs. State -11.928 0.000 58 29 
 
ED 4.025 km: 2016 Federal vs. Private -3.884 0.009 53 65 
LP 4.025 km: 2016 Federal vs. Private -5.399 0.003 53 65 
LSI 4.025 km: 2016 Federal vs. Private -4.007 0.008 53 65 
PD 4.025 km: 2016 Federal vs. Private -4.553 0.006 53 65 
ED 4.025 km: 2016 Federal vs. State -5.609 0.002 53 23 
LP 4.025 km: 2016 Federal vs. State -5.957 0.001 53 23 
LSI 4.025 km: 2016 Federal vs. State -5.628 0.002 53 23 
PD 4.025 km: 2016 Federal vs. State -6.511 0.001 53 23 
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Table 10.  Results (multiple response permutation procedure) for landscape pattern indices (edge 
density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) 
between hibernacula owners within the 8.05 km spatial extent in 1992, 2001 and 2016.  
Significant results are in bold. 
 
LPI Year δ P-Value Group S1 Group S2 
ED 8.05 km: 1992 Federal vs. Private -11.820 0.000 59 107 
LP 8.05 km: 1992 Federal vs. Private -10.653 0.000 59 107 
LSI 8.05 km: 1992 Federal vs. Private -11.475 0.000 59 107 
PD 8.05 km: 1992 Federal vs. Private -5.439 0.002 59 107 
ED 8.05 km: 1992 Federal vs. State -12.261 0.000 59 30 
LP 8.05 km: 1992 Federal vs. State -4.630 0.005 59 30 
LSI 8.05 km: 1992 Federal vs. State -11.348 0.000 59 30 
PD 8.05 km: 1992 Federal vs. State -10.201 0.000 59 30 
      
ED 8.05 km: 2001 Federal vs. Private -6.866 0.001 57 94 
LP 8.05 km: 2001 Federal vs. Private -17.631 0.000 57 94 
LSI 8.05 km: 2001 Federal vs. Private -6.258 0.001 57 94 
PD 8.05 km: 2001 Federal vs. Private -3.977 0.008 57 94 
ED 8.05 km: 2001 Federal vs. State -10.422 0.000 57 29 
LP 8.05 km: 2001 Federal vs. State -10.293 0.000 57 29 
LSI 8.05 km: 2001 Federal vs. State -9.551 0.000 57 29 
PD 8.05 km: 2001 Federal vs. State -9.538 0.000 57 29 
      
ED 8.05 km: 2016 Federal vs. Private -3.951 0.009 45 53 
LP 8.05 km: 2016 Federal vs. Private -9.027 0.000 45 53 
LSI 8.05 km: 2016 Federal vs. Private -3.971 0.009 45 53 
PD 8.05 km: 2016 Federal vs. Private -4.299 0.007 45 53 
      
ED 8.05 km: 2016 Federal vs. State -5.393 0.002 45 19 
LP 8.05 km: 2016 Federal vs. State -10.989 0.000 45 19 
LSI 8.05 km: 2016 Federal vs. State -5.405 0.002 45 19 
PD 8.05 km: 2016 Federal vs. State -6.748 0.001 45 19 
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Figure 17.  Average (with 90% confidence intervals) landscape pattern index value (edge density 
[ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) within an 8.05 
km radius of hibernacula entrances by hibernacula owner (federal = blue, private = red, state = 
green) for 1992. 
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Figure 18.  Average (with 90% confidence intervals) landscape pattern index value (edge density 
[ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) within an 8.05 
km radius of hibernacula entrances by hibernacula owner (federal = blue, private = red, state = 
green) for 2001. 
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Figure 19.  Average (with 90% confidence intervals) landscape pattern index value (edge density 
[ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) within an 8.05 
km radius of hibernacula entrances by hibernacula owner (federal = blue, private = red, state = 
green) for 2016. 
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Table 11.  Results (multiple response permutation procedure) for land cover class proportions 
between hibernacula Priority Rankings (Priority 1 = P1, Priority 2 = P2, Priority 3 = P3; P1 
hibernacula have the greatest Indiana bat population counts) within the 4.025 km spatial extent 
for the time spans 1992 – 2016 and 2001 – 2016.  Significant results are in bold. 
Land Cover 
Class 
Year δ P-Value Group S1 Group S2 
agriculture 4.025 km: 1992 vs. 2016 P1 -2.695 0.027 23 23 
forest 4.025 km: 1992 vs. 2016 P1 -7.769 0.000 23 23 
developed 4.025 km: 1992 vs. 2016 P1 -4.128 0.007 23 23 
water 4.025 km: 1992 vs. 2016 P1 -2.351 0.035 23 23 
wetland 4.025 km: 1992 vs. 2016 P1 -2.665 0.011 23 23 
agriculture 4.025 km: 1992 vs. 2016 P2 -12.390 0.000 54 55 
forest 4.025 km: 1992 vs. 2016 P2 -21.615 0.000 54 55 
developed 4.025 km: 1992 vs. 2016 P2 -20.141 0.000 54 55 
water 4.025 km: 1992 vs. 2016 P2 0.319 0.494 54 55 
wetland 4.025 km: 1992 vs. 2016 P2 -3.231 0.016 54 55 
agriculture 4.025 km: 1992 vs. 2016 P3 -27.403 0.000 142 147 
forest 4.025 km: 1992 vs. 2016 P3 -49.622 0.000 142 147 
developed 4.025 km: 1992 vs. 2016 P3 -54.672 0.000 142 147 
water 4.025 km: 1992 vs. 2016 P3 -0.047 0.333 142 147 
wetland 4.025 km: 1992 vs. 2016 P3 -10.139 0.000 142 147 
      
agriculture 4.025 km: 2001 vs. 2016 P1 -1.999 0.051 23 23 
forest 4.025 km: 2001 vs. 2016 P1 -3.406 0.014 23 23 
developed 4.025 km: 2001 vs. 2016 P1 0.506 0.601 23 23 
water 4.025 km: 2001 vs. 2016 P1 -0.505 0.220 23 23 
wetland 4.025 km: 2001 vs. 2016 P1 -0.163 0.343 23 23 
agriculture 4.025 km: 2001 vs. 2016 P2 -7.912 0.000 54 55 
forest 4.025 km: 2001 vs. 2016 P2 -10.676 0.000 54 55 
developed 4.025 km: 2001 vs. 2016 P2 -3.567 0.011 54 55 
water 4.025 km: 2001 vs. 2016 P2 0.752 0.803 54 55 
wetland 4.025 km: 2001 vs. 2016 P2 -0.479 0.214 54 55 
agriculture 4.025 km: 2001 vs. 2016 P3 -17.084 0.000 142 147 
forest 4.025 km: 2001 vs. 2016 P3 -24.665 0.000 142 147 
developed 4.025 km: 2001 vs. 2016 P3 -15.046 0.000 142 147 
water 4.025 km: 2001 vs. 2016 P3 0.933 1.000 142 147 
wetland 4.025 km: 2001 vs. 2016 P3 -3.746 0.011 142 147 
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Table 12.  Results (multiple response permutation procedure) for land cover class proportions 
between hibernacula Priority Rankings (Priority 1 = P1, Priority 2 = P2, Priority 3 = P3; P1 
hibernacula have the greatest Indiana bat population counts) within the 8.05 km spatial extent for 
the time spans 1992 – 2016 and 2001 – 2016.  Significant results are in bold. 
Land Cover 
Class 
Year δ P-Value Group S1 Group S2 
agriculture 8.05 km: 1992 vs. 2016 P1 -4.018 0.009 23 23 
forest 8.05 km: 1992 vs. 2016 P1 -10.882 0.000 23 23 
developed 8.05 km: 1992 vs. 2016 P1 -6.559 0.001 23 23 
water 8.05 km: 1992 vs. 2016 P1 0.077 0.395 23 23 
wetland 8.05 km: 1992 vs. 2016 P1 -3.137 0.011 23 23 
agriculture 8.05 km: 1992 vs. 2016 P2 -17.698 0.000 54 55 
forest 8.05 km: 1992 vs. 2016 P2 -25.385 0.000 54 55 
developed 8.05 km: 1992 vs. 2016 P2 -24.212 0.000 54 55 
water 8.05 km: 1992 vs. 2016 P2 -0.646 0.183 54 55 
wetland 8.05 km: 1992 vs. 2016 P2 -5.748 0.001 54 55 
agriculture 8.05 km: 1992 vs. 2016 P3 -35.357 0.000 142 147 
forest 8.05 km: 1992 vs. 2016 P3 -64.708 0.000 142 147 
developed 8.05 km: 1992 vs. 2016 P3 -81.501 0.000 142 147 
water 8.05 km: 1992 vs. 2016 P3 -0.449 0.221 142 147 
wetland 8.05 km: 1992 vs. 2016 P3 -16.741 0.000 142 147 
      
agriculture 8.05 km: 2001 vs. 2016 P1 -3.279 0.016 23 23 
forest 8.05 km: 2001 vs. 2016 P1 -6.242 0.001 23 23 
developed 8.05 km: 2001 vs. 2016 P1 0.796 0.859 23 23 
water 8.05 km: 2001 vs. 2016 P1 0.812 0.815 23 23 
wetland 8.05 km: 2001 vs. 2016 P1 -1.283 0.105 23 23 
agriculture 8.05 km: 2001 vs. 2016 P2 -12.796 0.000 54 55 
forest 8.05 km: 2001 vs. 2016 P2 -14.599 0.000 54 55 
developed 8.05 km: 2001 vs. 2016 P2 -2.747 0.024 54 55 
water 8.05 km: 2001 vs. 2016 P2 0.328 0.491 54 55 
wetland 8.05 km: 2001 vs. 2016 P2 -2.956 0.020 54 55 
agriculture 8.05 km: 2001 vs. 2016 P3 -24.338 0.000 142 147 
forest 8.05 km: 2001 vs. 2016 P3 -38.254 0.000 142 147 
developed 8.05 km: 2001 vs. 2016 P3 -22.404 0.000 142 147 
water 8.05 km: 2001 vs. 2016 P3 0.922 1.000 142 147 
wetland 8.05 km: 2001 vs. 2016 P3 -10.608 0.000 142 147 
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Table 13.  Average (with 90% confidence intervals) proportion of forest loss between time spans 
by landscape spatial extent for hibernacula Priority Rankings (Priority 1 = P1, Priority 2 = P2, 
Priority 3 = P3; P1 hibernacula have the greatest Indiana bat population counts). 
 
 1992 -2001 1992 -2016 2001 - 2016 
4.025 km: P1 -0.089 ± 0.033 -0.278 ± 0.043 -0.213 ± 0.041 
4.025 km: P2 -0.132 ± 0.025 -0.332 ± 0.036 -0.24 ± 0.025 
4.025 km: P3 -0.119 ± 0.016 -0.304 ± 0.022 -0.092 ± 0.172 
    
8.05 km: P1 -0.096 ± 0.028 -0.349 ± 0.056 -0.284 ± 0.06 
8.05 km: P2 -0.139 ± 0.023 -0.407 ± 0.044 -0.32 ± 0.039 
8.05 km: P3 -0.125 ± 0.014 -0.36 ± 0.023 -0.254 ± 0.039 
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Figure 20.  Average (with 90% confidence intervals) proportion of forest loss between time 
spans by the 8.05 km spatial extent for hibernacula Priority Rankings (Priority 1 = P1 [dark 
green], Priority 2 = P2 [medium green], Priority 3 = P3 [light green]; P1 hibernacula have the 
greatest Indiana bat population counts). 
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Table 14.  Average (with 90% confidence intervals) landscape pattern index values (edge density 
[ED], largest patch index [LP], landscape shape index [LSI], and patch density [PD]). Values are 
for the 4.025 and 8.05 km landscape spatial extents in 1992, 2001 and 2016 by hibernacula 
Priority Ranking (Priority 1 = P1, Priority 2 = P2, Priority 3 = P3; P1 hibernacula have the 
greatest Indiana bat population counts).  
 
 ED LP LSI PD 
4.025 km: 1992 P1 42.546 ± 7.966 74.486 ± 7.93 8.768 ± 1.415 7.299 ± 1.202 
4.025 km: 1992 P2 34.148 ± 6.272 80.103 ± 5.458 7.251 ± 1.094 5.916 ± 0.963 
4.025 km: 1992 P3 33.981 ± 3.796 80.616 ± 3.154 7.26 ± 0.665 6.07 ± 0.598 
4.025 km: 2001 P1 59.042 ± 9.965 63.616 ± 8.435 11.674 ± 1.771 8.452 ± 1.497 
4.025 km: 2001 P2 57.777 ± 5.34 66.433 ± 5.951 11.431 ± 0.938 7.195 ± 0.735 
4.025 km: 2001 P3 54.925 ± 3.313 69.332 ± 3.457 10.929 ± 0.593 7.616 ± 0.496 
4.025 km: 2016 P1 32.006 ± 14.139 49.249 ± 9.987 9.825 ± 2.79 6.364 ± 6.004 
4.025 km: 2016 P2 36.456 ± 8.894 49.946 ± 6.366 12.903 ± 3.511 10.384 ± 6.186 
4.025 km: 2016 P3 39.4 ± 5.805 54.255 ± 4.075 12.269 ± 1.739 12.013 ± 3.561 
     
8.05 km: 1992 P1 43.712 ± 7.192 70.366 ± 8.052 16.887 ± 2.594 6.519 ± 0.936 
8.05 km: 1992 P2 33.684 ± 5.396 79.226 ± 5.355 13.359 ± 1.949 5.391 ± 0.705 
8.05 km: 1992 P3 37.165 ± 3.635 76.066 ± 3.547 15.256 ± 1.292 6.152 ± 0.565 
8.05 km: 2001 P1 60.79 ± 7.776 52.932 ± 9.92 23.038 ± 2.804 7.523 ± 1.07 
8.05 km: 2001 P2 58.137 ± 5.187 61.027 ± 6.285 22.158 ± 1.869 6.909 ± 0.611 
8.05 km: 2001 P3 57.046 ± 2.942 62.471 ± 3.51 22.258 ± 1.063 7.452 ± 0.455 
8.05 km: 2016 P1 33.186 ± 6.37 39.594 ± 8.326 12.567 ± 3.874 5.99 ± 4.724 
8.05 km: 2016 P2 35.226 ± 6.665 44.38 ± 6.397 11.632 ± 2.525 8.82 ± 4.61 
8.05 km: 2016 P3 47.461 ± 8.66 47.068 ± 3.618 14.424 ± 2.481 14.855 ± 4.757 
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Figure 21.  Average (with 90% confidence intervals) landscape pattern index values (edge 
density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) within 
the 4.025 km spatial extent for hibernacula Priority Rankings (Priority 1 = P1 [dark green], 
Priority 2 = P2 [medium green], Priority 3 = P3 [light green]; P1 hibernacula have the greatest 
Indiana bat population counts). 
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Table 15.  Results (multiple response permutation procedure) for landscape pattern index values 
(edge density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) 
between time spans within hibernacula Priority Rankings (Priority 1 = P1, Priority 2 = P2, 
Priority 3 = P3; P1 hibernacula have the greatest Indiana bat population counts) for the 4.025 km 
spatial extent.  
 
LPI Year δ P-Value Group S1 Group S2 
ED 4.025 km: 1992 vs. 2001 P1 -2.349 0.036 21 22 
LP 4.025 km: 1992 vs. 2001 P1 -1.096 0.116 21 22 
LSI 4.025 km: 1992 vs. 2001 P1 -2.243 0.040 21 22 
PD 4.025 km: 1992 vs. 2001 P1 0.423 0.544 21 22 
ED 4.025 km: 1992 vs. 2001 P2 -17.859 0.000 45 49 
LP 4.025 km: 1992 vs. 2001 P2 -6.403 0.001 45 49 
LSI 4.025 km: 1992 vs. 2001 P2 -18.031 0.000 45 49 
PD 4.025 km: 1992 vs. 2001 P2 -4.651 0.004 45 49 
ED 4.025 km: 1992 vs. 2001 P3 -35.171 0.000 124 129 
LP 4.025 km: 1992 vs. 2001 P3 -13.662 0.000 124 129 
LSI 4.025 km: 1992 vs. 2001 P3 -34.628 0.000 124 129 
PD 4.025 km: 1992 vs. 2001 P3 -4.267 0.006 124 129 
ED 4.025 km: 1992 vs. 2016 P1 -0.110 0.317 14 22 
LP 4.025 km: 1992 vs. 2016 P1 -6.096 0.001 14 22 
LSI 4.025 km: 1992 vs. 2016 P1 0.193 0.426 14 22 
PD 4.025 km: 1992 vs. 2016 P1 -6.253 0.001 14 22 
ED 4.025 km: 1992 vs. 2016 P2 -3.145 0.000 35 49 
LP 4.025 km: 1992 vs. 2016 P2 -20.889 0.000 35 49 
LSI 4.025 km: 1992 vs. 2016 P2 -6.803 0.000 35 49 
PD 4.025 km: 1992 vs. 2016 P2 -5.003 0.002 35 49 
ED 4.025 km: 1992 vs. 2016 P3 -2.862 0.023 93 129 
LP 4.025 km: 1992 vs. 2016 P3 -47.758 0.000 93 129 
LSI 4.025 km: 1992 vs. 2016 P3 -17.854 0.000 93 129 
PD 4.025 km: 1992 vs. 2016 P3 -18.677 0.000 93 129 
ED 4.025 km: 2001 vs. 2016 P1 -8.717 0.000 14 21 
LP 4.025 km: 2001 vs. 2016 P1 -1.449 0.084 14 21 
LSI 4.025 km: 2001 vs. 2016 P1 -1.129 0.116 14 21 
PD 4.025 km: 2001 vs. 2016 P1 -7.441 0.000 14 21 
ED 4.025 km: 2001 vs. 2016 P2 -17.970 0.000 35 45 
LP 4.025 km: 2001 vs. 2016 P2 -6.948 0.001 35 45 
LSI 4.025 km: 2001 vs. 2016 P2 -2.416 0.033 35 45 
PD 4.025 km: 2001 vs. 2016 P2 -10.901 0.000 35 45 
ED 4.025 km: 2001 vs. 2016 P3 -28.870 0.000 93 124 
LP 4.025 km: 2001 vs. 2016 P3 -16.748 0.000 93 124 
LSI 4.025 km: 2001 vs. 2016 P3 -8.393 0.000 93 124 
PD 4.025 km: 2001 vs. 2016 P3 -29.730 0.000 93 124 
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Table 16.  Results (multiple response permutation procedure) for landscape pattern index values 
(edge density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) 
between time spans within hibernacula Priority Rankings (Priority 1 = P1, Priority 2 = P2, 
Priority 3 = P3; P1 hibernacula have the greatest Indiana bat population counts) for the 8.05 km 
spatial extent.  
 
LPI Year δ P-Value Group S1 Group S2 
ED 8.05 km: 1992 vs. 2001 P1 -4.348 0.005 20 22 
LP 8.05 km: 1992 vs. 2001 P1 -3.041 0.020 20 22 
LSI 8.05 km: 1992 vs. 2001 P1 -4.336 0.005 20 22 
PD 8.05 km: 1992 vs. 2001 P1 -0.246 0.279 20 22 
ED 8.05 km: 1992 vs. 2001 P2 -18.375 0.000 44 47 
LP 8.05 km: 1992 vs. 2001 P2 -9.294 0.000 44 47 
LSI 8.05 km: 1992 vs. 2001 P2 -18.264 0.000 44 47 
PD 8.05 km: 1992 vs. 2001 P2 -6.060 0.001 44 47 
ED 8.05 km: 1992 vs. 2001 P3 -36.686 0.000 116 127 
LP 8.05 km: 1992 vs. 2001 P3 -17.938 0.000 116 127 
LSI 8.05 km: 1992 vs. 2001 P3 -35.695 0.000 116 127 
PD 8.05 km: 1992 vs. 2001 P3 -13.247 0.000 116 127 
ED 8.05 km: 1992 vs. 2016 P1 -2.905 0.021 12 22 
LP 8.05 km: 1992 vs. 2016 P1 -8.755 0.000 12 22 
LSI 8.05 km: 1992 vs. 2016 P1 -1.526 0.079 12 22 
PD 8.05 km: 1992 vs. 2016 P1 -5.635 0.002 12 22 
ED 8.05 km: 1992 vs. 2016 P2 0.506 0.600 30 47 
LP 8.05 km: 1992 vs. 2016 P2 -23.461 0.000 30 47 
LSI 8.05 km: 1992 vs. 2016 P2 -0.883 0.144 30 47 
PD 8.05 km: 1992 vs. 2016 P2 -5.297 0.001 30 47 
ED 8.05 km: 1992 vs. 2016 P3 -4.389 0.006 74 127 
LP 8.05 km: 1992 vs. 2016 P3 -49.993 0.000 74 127 
LSI 8.05 km: 1992 vs. 2016 P3 -3.379 0.015 74 127 
PD 8.05 km: 1992 vs. 2016 P3 -21.073 0.000 74 127 
ED 8.05 km: 2001 vs. 2016 P1 -9.451 0.000 12 20 
LP 8.05 km: 2001 vs. 2016 P1 -1.420 0.088 12 20 
LSI 8.05 km: 2001 vs. 2016 P1 -7.690 0.000 12 20 
PD 8.05 km: 2001 vs. 2016 P1 -6.909 0.001 12 20 
ED 8.05 km: 2001 vs. 2016 P2 -14.423 0.000 30 44 
LP 8.05 km: 2001 vs. 2016 P2 -5.988 0.001 30 44 
LSI 8.05 km: 2001 vs. 2016 P2 -21.296 0.000 30 44 
PD 8.05 km: 2001 vs. 2016 P2 -10.972 0.000 30 44 
ED 8.05 km: 2001 vs. 2016 P3 -26.668 0.000 74 116 
LP 8.05 km: 2001 vs. 2016 P3 -18.111 0.000 74 116 
LSI 8.05 km: 2001 vs. 2016 P3 -42.610 0.000 74 116 
PD 8.05 km: 2001 vs. 2016 P3 -27.043 0.000 74 116 
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Table 17.  Average (with 90% confidence intervals) yearly insolation ([kW·h/{m
2
·day}], 
[INSO]) and climate variables (precipitation [mm], [PPT], maximum temperature [C], [TMAX], 
minimum temperature [C], [TMIN]).  Values are for the 4.025 and 8.05 km landscape spatial 
extents in 1992 and 2001 by hibernacula Priority Rankings (Priority 1 = P1, Priority 2 = P2, 
Priority 3 = P3; P1 hibernacula have the greatest Indiana bat population counts).  
 
 INSO PPT TMAX TMIN 
4.025 km: 1992 P1 0.142 ± 0.01 96.906 ± 3.276 18.176 ± 0.509 5.901 ± 0.419 
4.025 km: 1992 P2 0.145 ± 0.01 96.078 ± 1.892 18.074 ± 0.452 6.061 ± 0.412 
4.025 km: 1992 P3 0.139 ± 0.007 97.831 ± 1.121 17.864 ± 0.311 5.788 ± 0.309 
4.025 km: 2001 P1 0.162 ± 0.01 100.96 ± 3.467 50.51 ± 1.734 6.748 ± 0.397 
4.025 km: 2001 P2 0.162 ± 0.008 102.065 ± 2.751 51.063 ± 1.375 6.747 ± 0.342 
4.025 km: 2001 P3 0.157 ± 0.007 102.763 ± 1.797 51.411 ± 0.898 6.525 ± 0.277 
     
8.05 km: 1992 P1 0.141 ± 0.01 97.186 ± 3.046 18.15 ± 0.514 5.882 ± 0.424 
8.05 km: 1992 P2 0.145 ± 0.01 96.407 ± 1.895 18.065 ± 0.449 6.057 ± 0.41 
8.05 km: 1992 P3 0.139 ± 0.007 97.905 ± 1.096 17.862 ± 0.312 5.779 ± 0.308 
8.05 km: 2001 P1 0.161 ± 0.01 97.629 ± 3.767 19.275 ± 0.523 6.724 ± 0.401 
8.05 km: 2001 P2 0.162 ± 0.008 97.35 ± 2.439 19.149 ± 0.402 6.744 ± 0.338 
8.05 km: 2001 P3 0.156 ± 0.007 98.339 ± 1.696 18.974 ± 0.274 6.515 ± 0.278 
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Figure 22.  Average proportion of forest cover (with 90% confidence intervals) between 
landscape spatial extents (4.025 km or 8.05 km radius centered on hibernacula entrances) by year 
(4.025 km = red, 8.05 km = gray). 
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Figure 23.  Average proportion of developed land cover (with 90% confidence intervals) 
between landscape spatial extents (4.025 km or 8.05 km radius centered on hibernacula 
entrances) by year (4.025 km = red, 8.05 km = gray). 
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Table 18.  Results (multiple response permutation procedure) for land cover class proportions by 
landscape spatial extents (4.025 km or 8.05 km radius centered on hibernacula entrances) for the 
time spans 1992 – 2001, 1992 – 2016 and 2001 – 2016.  Significant results are in bold. 
 
Land Cover 
Class Year δ P-Value Group 1 Group 2 
agriculture 4.025 km: 1992 vs. 2001 -3.41 0.015 225 225 
forest 4.025 km: 1992 vs. 2001 -14.16 0 225 225 
developed 4.025 km: 1992 vs. 2001 -121.702 0 225 225 
water 4.025 km: 1992 vs. 2001 -0.029 0.336 225 225 
wetland 4.025 km: 1992 vs. 2001 -2.767 0.025 225 225 
agriculture 4.025 km: 1992 vs. 2016 -43.881 0 219 225 
forest 4.025 km: 1992 vs. 2016 -80.387 0 219 225 
developed 4.025 km: 1992 vs. 2016 -80.182 0 219 225 
water 4.025 km: 1992 vs. 2016 -1.551 0.077 219 225 
wetland 4.025 km: 1992 vs. 2016 -17.317 0 219 225 
agriculture 4.025 km: 2001 vs. 2016 -28.281 0 219 225 
forest 4.025 km: 2001 vs. 2016 -40.222 0 219 225 
developed 4.025 km: 2001 vs. 2016 -18.582 0 219 225 
water 4.025 km: 2001 vs. 2016 0.622 0.692 219 225 
wetland 4.025 km: 2001 vs. 2016 -5.808 0.002 219 225 
      agriculture 8.05 km: 1992 vs. 2001 -4.379 0.006 225 225 
forest 8.05 km: 1992 vs. 2001 -15.274 0 225 225 
developed 8.05 km: 1992 vs. 2001 -125.652 0 225 225 
water 8.05 km: 1992 vs. 2001 -0.262 0.263 225 225 
wetland 8.05 km: 1992 vs. 2001 -2.942 0.021 225 225 
agriculture 8.05 km: 1992 vs. 2016 -57.929 0 219 225 
forest 8.05 km: 1992 vs. 2016 -102.214 0 219 225 
developed 8.05 km: 1992 vs. 2016 -113.565 0 219 225 
water 8.05 km: 1992 vs. 2016 -2.234 0.041 219 225 
wetland 8.05 km: 1992 vs. 2016 -26.728 0 219 225 
agriculture 8.05 km: 2001 vs. 2016 -40.997 0 219 225 
forest 8.05 km: 2001 vs. 2016 -60.524 0 219 225 
developed 8.05 km: 2001 vs. 2016 -23.949 0 219 225 
water 8.05 km: 2001 vs. 2016 0.552 0.634 219 225 
wetland 8.05 km: 2001 vs. 2016 -16.018 0 219 225 
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Table 19.  Results (multiple response permutation procedure) for land cover class proportions 
between real (4.025 km or 8.05 km radius centered on hibernacula entrances) and random (4.025 
km or 8.05 km radius centered within 20 km of a hibernacula entrance) landscape spatial extents 
for the time spans 1992 – 2001, 1992 – 2016 and 2001 – 2016.  Significant results are in bold. 
 
Land Cover Class Year δ P-Value Group S1 Group S2 
agriculture 4.025 km: 1992 -6.884 0.001 115 111 
forest 4.025 km: 1992 -6.172 0.001 115 111 
developed 4.025 km: 1992 -1.976 0.052 115 111 
water 4.025 km: 1992 0.637 0.699 115 111 
wetland 4.025 km: 1992 -0.563 0.202 115 111 
agriculture 4.025 km: 2001 -8.99 0 114 111 
forest 4.025 km: 2001 -8.833 0 114 111 
developed 4.025 km: 2001 -2.387 0.035 114 111 
water 4.025 km: 2001 0.749 0.806 114 111 
wetland 4.025 km: 2001 -0.519 0.202 114 111 
agriculture 4.025 km: 2016 -6.682 0.001 114 109 
forest 4.025 km: 2016 -13.535 0 114 109 
developed 4.025 km: 2016 -15.33 0 114 109 
water 4.025 km: 2016 0.87 1 114 109 
wetland 4.025 km: 2016 -0.97 0.13 114 109 
      agriculture 8.05 km: 1992 -2.868 0.023 115 111 
forest 8.05 km: 1992 -3.033 0.02 115 111 
developed 8.05 km: 1992 -1.561 0.077 115 111 
water 8.05 km: 1992 -0.281 0.264 115 111 
wetland 8.05 km: 1992 0.588 0.662 115 111 
agriculture 8.05 km: 2001 -4.358 0.006 114 111 
forest 8.05 km: 2001 -5.11 0.003 114 111 
developed 8.05 km: 2001 -2.3 0.038 114 111 
water 8.05 km: 2001 -0.443 0.225 114 111 
wetland 8.05 km: 2001 0.016 0.348 114 111 
agriculture 8.05 km: 2016 -0.734 0.163 114 109 
forest 8.05 km: 2016 -8.745 0 114 109 
developed 8.05 km: 2016 -8.227 0 114 109 
water 8.05 km: 2016 0.244 0.452 114 109 
wetland 8.05 km: 2016 -1.489 0.08 114 109 
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Figure 24.  Average proportional forest loss (with 90% confidence intervals) between landscape 
spatial extents (4.025 km or 8.05 km radius centered on hibernacula entrances) by time span 
(4.025 km = red, 8.05 km = gray). 
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Table 20.  Results (multiple response permutation procedure) for landscape pattern indices (edge 
density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) for real 
(4.025 km or 8.05 km radius centered on hibernacula entrances) landscape spatial extents for the 
time spans 1992 – 2001, 1992 – 2016 and 2001 – 2016.  Significant results are in bold. 
 
LPI Year δ P-Value Group S1 Group S2 
ED 4.025 km: 1992 vs. 2016 -6.218 0.001 141 200 
LP 4.025 km: 1992 vs. 2016 -60.128 0.000 141 200 
LSI 4.025 km: 1992 vs. 2016 -6.245 0.001 141 200 
PD 4.025 km: 1992 vs. 2016 -24.132 0.000 141 200 
ED 4.025 km: 2001 vs. 2016 -43.206 0.000 141 190 
LP 4.025 km: 2001 vs. 2016 -13.550 0.000 141 190 
LSI 4.025 km: 2001 vs. 2016 -42.769 0.000 141 190 
PD 4.025 km: 2001 vs. 2016 -40.848 0.000 141 190 
 
ED 8.05 km: 1992 vs. 2016 -5.119 0.003 117 196 
LP 8.05 km: 1992 vs. 2016 -110.988 0.000 117 196 
LSI 8.05 km: 1992 vs. 2016 -6.044 0.001 117 196 
PD 8.05 km: 1992 vs. 2016 -33.719 0.000 117 196 
ED 8.05 km: 2001 vs. 2016 -62.914 0.000 117 180 
LP 8.05 km: 2001 vs. 2016 -53.910 0.000 117 180 
LSI 8.05 km: 2001 vs. 2016 -40.833 0.000 117 180 
PD 8.05 km: 2001 vs. 2016 -47.934 0.000 117 180 
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Table 21.  Results (multiple response permutation procedure) for landscape pattern indices (edge 
density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) 
between real (4.025 km or 8.05 km radius centered on hibernacula entrances) and random (4.025 
km or 8.05 km radius centered within 20 km of a hibernacula entrance) landscape spatial extents 
for the time spans 1992 – 2001, 1992 – 2016 and 2001 – 2016.  Significant results are in bold. 
LPI Year δ P-Value Group S1 Group S2 
ED 4.025 km: 1992 -6.606 0.001 115 98 
LP 4.025 km: 1992 -2.645 0.029 115 98 
LSI 4.025 km: 1992 -8.374 0.000 115 98 
PD 4.025 km: 1992 -14.668 0.000 115 98 
ED 4.025 km: 2001 -9.382 0.000 114 90 
LP 4.025 km: 2001 -7.029 0.001 114 90 
LSI 4.025 km: 2001 -12.074 0.000 114 90 
PD 4.025 km: 2001 -15.617 0.000 114 90 
ED 4.025 km: 2016 -4.827 0.003 114 71 
LP 4.025 km: 2016 -15.383 0.000 114 71 
LSI 4.025 km: 2016 -4.390 0.005 114 71 
PD 4.025 km: 2016 -10.145 0.000 114 71 
      
ED 8.05 km: 1992 -4.530 0.006 115 97 
LP 8.05 km: 1992 -2.369 0.037 115 97 
LSI 8.05 km: 1992 -3.760 0.011 115 97 
PD 8.05 km: 1992 -7.485 0.000 115 97 
ED 8.05 km: 2001 -6.505 0.001 114 86 
LP 8.05 km: 2001 -6.753 0.001 114 86 
LSI 8.05 km: 2001 -5.399 0.002 114 86 
PD 8.05 km: 2001 -5.967 0.001 114 86 
ED 8.05 km: 2016 -3.703 0.010 114 60 
LP 8.05 km: 2016 -38.300 0.000 114 60 
LSI 8.05 km: 2016 -4.253 0.006 114 60 
PD 8.05 km: 2016 -10.585 0.000 114 60 
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Table 22.  Results (multiple response permutation procedure) for land cover class proportions 
between USFWS Recovery Units within the 4.025 km extent for 1992 (AM [Appalachian 
Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]).  Significant results are in 
bold. 
Land Cover 
Class 
Year δ P-Value Group S1 Group S2 
agriculture 4.025 km: 1992 AM vs. NE -3.178 0.017 29 19 
forest 4.025 km: 1992 AM vs. NE 0.294 0.478 29 19 
developed 4.025 km: 1992 AM vs. NE -13.195 0.000 29 19 
water 4.025 km: 1992 AM vs. NE -13.878 0.000 29 19 
wetland 4.025 km: 1992 AM vs. NE -15.645 0.000 29 19 
agriculture 4.025 km: 1992 MW vs. AM -0.001 0.334 107 29 
forest 4.025 km: 1992 MW vs. AM -0.049 0.318 107 29 
developed 4.025 km: 1992 MW vs. AM -0.078 0.319 107 29 
water 4.025 km: 1992 MW vs. AM -0.866 0.148 107 29 
wetland 4.025 km: 1992 MW vs. AM -2.842 0.023 107 29 
agriculture 4.025 km: 1992 MW vs. NE -2.769 0.026 107 19 
forest 4.025 km: 1992 MW vs. NE -0.858 0.145 107 19 
developed 4.025 km: 1992 MW vs. NE -33.027 0.000 107 19 
water 4.025 km: 1992 MW vs. NE -11.129 0.000 107 19 
wetland 4.025 km: 1992 MW vs. NE -18.674 0.000 107 19 
agriculture 4.025 km: 1992 OZ vs. AM -1.100 0.117 70 29 
forest 4.025 km: 1992 OZ vs. AM 0.247 0.449 70 29 
developed 4.025 km: 1992 OZ vs. AM -2.020 0.049 70 29 
water 4.025 km: 1992 OZ vs. AM -9.400 0.000 70 29 
wetland 4.025 km: 1992 OZ vs. AM -6.992 0.000 70 29 
agriculture 4.025 km: 1992 OZ vs. MW -3.220 0.017 70 107 
forest 4.025 km: 1992 OZ vs. MW -2.370 0.036 70 107 
developed 4.025 km: 1992 OZ vs. MW -1.917 0.055 70 107 
water 4.025 km: 1992 OZ vs. MW -11.238 0.000 70 107 
wetland 4.025 km: 1992 OZ vs. MW -15.222 0.000 70 107 
agriculture 4.025 km: 1992 OZ vs. NE -0.992 0.132 70 19 
forest 4.025 km: 1992 OZ vs. NE 0.303 0.484 70 19 
developed 4.025 km: 1992 OZ vs. NE -16.700 0.000 70 19 
water 4.025 km: 1992 OZ vs. NE -0.707 0.175 70 19 
wetland 4.025 km: 1992 OZ vs. NE -2.118 0.045 70 19 
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Table 23.  Results (multiple response permutation procedure) for land cover class proportions 
between USFWS Recovery Units within the 4.025 km extent for 2001 (AM [Appalachian 
Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]). Significant results are in 
bold. 
Land Cover 
Class 
Year δ P-Value Group S1 Group S2 
agriculture 4.025 km: 2001 AM vs. NE -3.742 0.010 29 19 
forest 4.025 km: 2001 AM vs. NE -1.109 0.116 29 19 
developed 4.025 km: 2001 AM vs. NE -10.493 0.000 29 19 
water 4.025 km: 2001 AM vs. NE -10.862 0.000 29 19 
wetland 4.025 km: 2001 AM vs. NE -22.804 0.000 29 19 
agriculture 4.025 km: 2001 MW vs. AM 0.177 0.408 107 29 
forest 4.025 km: 2001 MW vs. AM -0.274 0.257 107 29 
developed 4.025 km: 2001 MW vs. AM -0.054 0.327 107 29 
water 4.025 km: 2001 MW vs. AM -0.601 0.191 107 29 
wetland 4.025 km: 2001 MW vs. AM -1.898 0.055 107 29 
agriculture 4.025 km: 2001 MW vs. NE -6.043 0.001 107 19 
forest 4.025 km: 2001 MW vs. NE 0.096 0.379 107 19 
developed 4.025 km: 2001 MW vs. NE -24.694 0.000 107 19 
water 4.025 km: 2001 MW vs. NE -9.286 0.000 107 19 
wetland 4.025 km: 2001 MW vs. NE -51.921 0.000 107 19 
agriculture 4.025 km: 2001 OZ vs. AM -0.522 0.205 70 29 
forest 4.025 km: 2001 OZ vs. AM 0.418 0.544 70 29 
developed 4.025 km: 2001 OZ vs. AM -0.511 0.213 70 29 
water 4.025 km: 2001 OZ vs. AM -3.879 0.008 70 29 
wetland 4.025 km: 2001 OZ vs. AM -12.995 0.000 70 29 
agriculture 4.025 km: 2001 OZ vs. MW -3.928 0.009 70 107 
forest 4.025 km: 2001 OZ vs. MW -1.267 0.099 70 107 
developed 4.025 km: 2001 OZ vs. MW -2.673 0.027 70 107 
water 4.025 km: 2001 OZ vs. MW -3.781 0.010 70 107 
wetland 4.025 km: 2001 OZ vs. MW -17.606 0.000 70 107 
agriculture 4.025 km: 2001 OZ vs. NE -2.070 0.047 70 19 
forest 4.025 km: 2001 OZ vs. NE -2.232 0.041 70 19 
developed 4.025 km: 2001 OZ vs. NE -13.349 0.000 70 19 
water 4.025 km: 2001 OZ vs. NE -2.057 0.048 70 19 
wetland 4.025 km: 2001 OZ vs. NE -23.617 0.000 70 19 
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Table 24.  Results (multiple response permutation procedure) for land cover class proportions 
between USFWS Recovery Units within the 4.025 km extent for 2016 (AM [Appalachian 
Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]). Significant results are in 
bold. 
 
Land Cover 
Class 
Year δ P-Value Group S1 Group S2 
agriculture 4.025 km: 2016 AM vs. NE -8.896 0.000 26 19 
forest 4.025 km: 2016 AM vs. NE -1.666 0.069 26 19 
developed 4.025 km: 2016 AM vs. NE -4.429 0.005 26 19 
water 4.025 km: 2016 AM vs. NE -6.263 0.001 26 19 
wetland 4.025 km: 2016 AM vs. NE -18.818 0.000 26 19 
agriculture 4.025 km: 2016 MW vs. AM -3.715 0.011 105 26 
forest 4.025 km: 2016 MW vs. AM -0.962 0.133 105 26 
developed 4.025 km: 2016 MW vs. AM -4.256 0.007 105 26 
water 4.025 km: 2016 MW vs. AM -1.146 0.112 105 26 
wetland 4.025 km: 2016 MW vs. AM -2.254 0.040 105 26 
agriculture 4.025 km: 2016 MW vs. NE -21.645 0.000 105 19 
forest 4.025 km: 2016 MW vs. NE 0.473 0.578 105 19 
developed 4.025 km: 2016 MW vs. NE -23.083 0.000 105 19 
water 4.025 km: 2016 MW vs. NE -8.332 0.000 105 19 
wetland 4.025 km: 2016 MW vs. NE -44.111 0.000 105 19 
agriculture 4.025 km: 2016 OZ vs. AM -0.643 0.181 69 26 
forest 4.025 km: 2016 OZ vs. AM 0.071 0.371 69 26 
developed 4.025 km: 2016 OZ vs. AM 0.101 0.379 69 26 
water 4.025 km: 2016 OZ vs. AM -1.772 0.062 69 26 
wetland 4.025 km: 2016 OZ vs. AM -15.565 0.000 69 26 
agriculture 4.025 km: 2016 OZ vs. MW -19.227 0.000 69 105 
forest 4.025 km: 2016 OZ vs. MW -7.252 0.001 69 105 
developed 4.025 km: 2016 OZ vs. MW -2.084 0.047 69 105 
water 4.025 km: 2016 OZ vs. MW -3.944 0.008 69 105 
wetland 4.025 km: 2016 OZ vs. MW -17.275 0.000 69 105 
agriculture 4.025 km: 2016 OZ vs. NE -8.735 0.000 69 19 
forest 4.025 km: 2016 OZ vs. NE -4.890 0.004 69 19 
developed 4.025 km: 2016 OZ vs. NE -10.842 0.000 69 19 
water 4.025 km: 2016 OZ vs. NE -1.188 0.108 69 19 
wetland 4.025 km: 2016 OZ vs. NE -25.320 0.000 69 19 
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Table 25.  Results (multiple response permutation procedure) for land cover class proportions 
between USFWS Recovery Units within the 8.05 km extent for 1992 (AM [Appalachian 
Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]). Significant results are in 
bold. 
Land Cover 
Class 
Year δ P-Value Group S1 
Group 
S2 
agriculture 8.05 km: 1992 AM vs. NE -1.551 0.078 29 19 
forest 8.05 km: 1992 AM vs. NE -0.595 0.197 29 19 
developed 8.05 km: 1992 AM vs. NE -14.320 0.000 29 19 
water 8.05 km: 1992 AM vs. NE -15.746 0.000 29 19 
wetland 8.05 km: 1992 AM vs. NE -15.712 0.000 29 19 
agriculture 8.05 km: 1992 MW vs. AM -0.769 0.156 107 29 
forest 8.05 km: 1992 MW vs. AM -1.377 0.089 107 29 
developed 8.05 km: 1992 MW vs. AM -0.097 0.317 107 29 
water 8.05 km: 1992 MW vs. AM -1.566 0.076 107 29 
wetland 8.05 km: 1992 MW vs. AM -3.339 0.015 107 29 
agriculture 8.05 km: 1992 MW vs. NE -3.339 0.015 107 19 
forest 8.05 km: 1992 MW vs. NE -1.256 0.100 107 19 
developed 8.05 km: 1992 MW vs. NE -32.725 0.000 107 19 
water 8.05 km: 1992 MW vs. NE -14.859 0.000 107 19 
wetland 8.05 km: 1992 MW vs. NE -21.968 0.000 107 19 
agriculture 8.05 km: 1992 OZ vs. AM 0.714 0.785 70 29 
forest 8.05 km: 1992 OZ vs. AM 0.507 0.600 70 29 
developed 8.05 km: 1992 OZ vs. AM -1.393 0.089 70 29 
water 8.05 km: 1992 OZ vs. AM -10.393 0.000 70 29 
wetland 8.05 km: 1992 OZ vs. AM -7.021 0.000 70 29 
agriculture 8.05 km: 1992 OZ vs. MW -2.737 0.026 70 107 
forest 8.05 km: 1992 OZ vs. MW -1.171 0.107 70 107 
developed 8.05 km: 1992 OZ vs. MW -2.501 0.032 70 107 
water 8.05 km: 1992 OZ vs. MW -12.549 0.000 70 107 
wetland 8.05 km: 1992 OZ vs. MW -16.420 0.000 70 107 
agriculture 8.05 km: 1992 OZ vs. NE -1.420 0.087 70 19 
forest 8.05 km: 1992 OZ vs. NE -0.181 0.290 70 19 
developed 8.05 km: 1992 OZ vs. NE -18.405 0.000 70 19 
water 8.05 km: 1992 OZ vs. NE -3.234 0.016 70 19 
wetland 8.05 km: 1992 OZ vs. NE -3.299 0.015 70 19 
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Table 26.  Results (multiple response permutation procedure) for land cover class proportions 
between USFWS Recovery Units within the 8.05 km extent for 2001 (AM [Appalachian 
Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]). Significant results are in 
bold. 
Land Cover 
Class 
Year δ P-Value Group S1 Group S2 
agriculture 8.05 km: 2001 AM vs. NE -1.899 0.055 29 19 
forest 8.05 km: 2001 AM vs. NE -3.485 0.013 29 19 
developed 8.05 km: 2001 AM vs. NE -11.137 0.000 29 19 
water 8.05 km: 2001 AM vs. NE -10.776 0.000 29 19 
wetland 8.05 km: 2001 AM vs. NE -25.653 0.000 29 19 
agriculture 8.05 km: 2001 MW vs. AM -1.338 0.092 107 29 
forest 8.05 km: 2001 MW vs. AM -2.281 0.039 107 29 
developed 8.05 km: 2001 MW vs. AM -2.569 0.030 107 29 
water 8.05 km: 2001 MW vs. AM -1.212 0.107 107 29 
wetland 8.05 km: 2001 MW vs. AM -2.698 0.027 107 29 
agriculture 8.05 km: 2001 MW vs. NE -6.461 0.001 107 19 
forest 8.05 km: 2001 MW vs. NE -0.149 0.293 107 19 
developed 8.05 km: 2001 MW vs. NE -24.393 0.000 107 19 
water 8.05 km: 2001 MW vs. NE -9.876 0.000 107 19 
wetland 8.05 km: 2001 MW vs. NE -61.771 0.000 107 19 
agriculture 8.05 km: 2001 OZ vs. AM 0.730 0.799 70 29 
forest 8.05 km: 2001 OZ vs. AM 0.291 0.469 70 29 
developed 8.05 km: 2001 OZ vs. AM 0.264 0.470 70 29 
water 8.05 km: 2001 OZ vs. AM -4.239 0.005 70 29 
wetland 8.05 km: 2001 OZ vs. AM -13.082 0.000 70 29 
agriculture 8.05 km: 2001 OZ vs. MW -2.885 0.023 70 107 
forest 8.05 km: 2001 OZ vs. MW -0.773 0.156 70 107 
developed 8.05 km: 2001 OZ vs. MW -6.608 0.001 70 107 
water 8.05 km: 2001 OZ vs. MW -3.861 0.009 70 107 
wetland 8.05 km: 2001 OZ vs. MW -21.371 0.000 70 107 
agriculture 8.05 km: 2001 OZ vs. NE -2.551 0.030 70 19 
forest 8.05 km: 2001 OZ vs. NE -1.776 0.062 70 19 
developed 8.05 km: 2001 OZ vs. NE -15.488 0.000 70 19 
water 8.05 km: 2001 OZ vs. NE -2.622 0.028 70 19 
wetland 8.05 km: 2001 OZ vs. NE -27.022 0.000 70 19 
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Table 27.  Results (multiple response permutation procedure) for land cover class proportions 
between USFWS Recovery Units within the 8.05 km extent for 2016 (AM [Appalachian 
Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]). Significant results are in 
bold. 
Land Cover 
Class 
Year Δ P-Value Group S1 Group S2 
agriculture 8.05 km: 2016 AM vs. NE -9.448 0.000 26 19 
forest 8.05 km: 2016 AM vs. NE -2.975 0.020 26 19 
developed 8.05 km: 2016 AM vs. NE -4.587 0.004 26 19 
water 8.05 km: 2016 AM vs. NE -6.975 0.000 26 19 
wetland 8.05 km: 2016 AM vs. NE -21.151 0.000 26 19 
agriculture 8.05 km: 2016 MW vs. AM -11.890 0.000 105 26 
forest 8.05 km: 2016 MW vs. AM -5.828 0.002 105 26 
developed 8.05 km: 2016 MW vs. AM -8.886 0.000 105 26 
water 8.05 km: 2016 MW vs. AM -0.553 0.200 105 26 
wetland 8.05 km: 2016 MW vs. AM -2.230 0.041 105 26 
agriculture 8.05 km: 2016 MW vs. NE -34.517 0.000 105 19 
forest 8.05 km: 2016 MW vs. NE 0.832 0.956 105 19 
developed 8.05 km: 2016 MW vs. NE -21.047 0.000 105 19 
water 8.05 km: 2016 MW vs. NE -9.267 0.000 105 19 
wetland 8.05 km: 2016 MW vs. NE -23.334 0.000 105 19 
agriculture 8.05 km: 2016 OZ vs. AM 0.994 1.000 69 26 
forest 8.05 km: 2016 OZ vs. AM 0.676 0.734 69 26 
developed 8.05 km: 2016 OZ vs. AM -4.675 0.004 69 26 
water 8.05 km: 2016 OZ vs. AM -0.694 0.188 69 26 
wetland 8.05 km: 2016 OZ vs. AM -7.265 0.000 69 26 
agriculture 8.05 km: 2016 OZ vs. MW -26.063 0.000 69 105 
forest 8.05 km: 2016 OZ vs. MW -9.788 0.000 69 105 
developed 8.05 km: 2016 OZ vs. MW -1.402 0.088 69 105 
water 8.05 km: 2016 OZ vs. MW -1.270 0.101 69 105 
wetland 8.05 km: 2016 OZ vs. MW -3.465 0.013 69 105 
agriculture 8.05 km: 2016 OZ vs. NE -13.396 0.000 69 19 
forest 8.05 km: 2016 OZ vs. NE -2.873 0.023 69 19 
developed 8.05 km: 2016 OZ vs. NE -12.840 0.000 69 19 
water 8.05 km: 2016 OZ vs. NE -4.712 0.004 69 19 
wetland 8.05 km: 2016 OZ vs. NE -3.092 0.015 69 19 
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Figure 25.  Average proportion of forest cover (with 90% confidence intervals) within an 8.05 
km radius of hibernacula entrances by USFWS Recovery Units (AM [Appalachian Mountains] = 
blue, MW [Midwest] = green, NE [Northeast] = yellow, and OZ [Ozark-Central] = orange) for 
1992, 2001 and 2016 
.
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Figure 26.  Average proportion of developed land cover (with 90% confidence intervals) within 
an 8.05 km radius of hibernacula entrances by USFWS Recovery Units (AM [Appalachian 
Mountains] = blue, MW [Midwest] = green, NE [Northeast] = yellow, and OZ [Ozark-Central] = 
orange) for 1992, 2001 and 2016. 
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Table 28.  Average (with 90% confidence interval) proportions of land cover class for USFWS 
Recovery Units (AM [Appalachian Mountains], MW [Midwest], NE [Northeast], and OZ 
[Ozark-Central]) by extent and year. 
  
 agriculture Forest developed water wetland 
4.025 km: 1992 AM 19.597 ± 5.928 79.151 ± 6.34 0.772 ± 1.876 0.291 ± 0.132 0.191 ± 0.573 
4.025 km: 1992 MW 19.662 ± 3.299 77.873 ± 3.55 1.065 ± 0.311 0.977 ± 0.49 0.423 ± 0.364 
4.025 km: 1992 NE 10.237 ± 4.316 74.478 ± 8.025 11.035 ± 5.71 2.372 ± 0.901 1.878 ± 0.657 
4.025 km: 1992 OZ 15.285 ± 2.446 79.73 ± 3.051 1.473 ± 0.471 1.921 ± 0.636 1.591 ± 0.523 
4.025 km: 2001 AM 20.572 ± 5.603 74.055 ± 6.162 4.946 ± 2.327 0.302 ± 0.152 0.124 ± 0.99 
4.025 km: 2001 MW 24.54 ± 3.062 68.521 ± 3.307 5.523 ± 0.579 0.907 ± 0.458 0.51 ± 0.422 
4.025 km: 2001 NE 10.291 ± 3.834 61.937 ± 9.109 17.496 ± 6.857 2.028 ± 0.783 8.247 ± 2.075 
4.025 km: 2001 OZ 17.406 ± 2.549 73.44 ± 3.255 5.933 ± 0.796 1.511 ± 0.638 1.711 ± 0.493 
4.025 km: 2016 AM 29.3 ± 6.383 59.361 ± 6.433 10.721 ± 3.435 0.437 ± 0.244 0.181 ± 2.047 
4.025 km: 2016 MW 40.843 ± 3.189 51.035 ± 3.222 6.122 ± 1.246 0.778 ± 0.43 1.222 ± 0.761 
4.025 km: 2016 NE 11.696 ± 3.216 45.712 ± 8.19 23.882 ± 7.267 2.019 ± 1.04 16.691 ± 4.691 
4.025 km: 2016 OZ 25.082 ± 2.648 61.759 ± 3.331 8.776 ± 1.597 1.401 ± 0.628 2.983 ± 0.708 
      
8.05 km: 1992 AM 19.502 ± 5.816 78.902 ± 6.235 1.003 ± 1.978 0.337 ± 0.104 0.257 ± 0.657 
8.05 km: 1992 MW 22.264 ± 3.264 74.969 ± 3.505 1.442 ± 0.412 0.908 ± 0.347 0.417 ± 0.277 
8.05 km: 1992 NE 12.708 ± 4.382 70.772 ± 7.463 11.642 ± 5.373 2.643 ± 0.784 2.235 ± 0.724 
8.05 km: 1992 OZ 18.696 ± 2.68 75.931 ± 3.346 1.782 ± 0.711 1.917 ± 0.605 1.675 ± 0.542 
8.05 km: 2001 AM 20.293 ± 5.389 73.75 ± 5.947 5.421 ± 2.226 0.35 ± 0.121 0.186 ± 1.041 
8.05 km: 2001 MW 27.338 ± 2.842 64.98 ± 3.063 6.337 ± 0.609 0.869 ± 0.343 0.475 ± 0.348 
8.05 km: 2001 NE 13.128 ± 4.055 58.644 ± 8.323 17.513 ± 5.872 2.234 ± 0.814 8.482 ± 1.806 
8.05 km: 2001 OZ 20.984 ± 2.572 69.518 ± 3.344 6.044 ± 0.932 1.564 ± 0.598 1.89 ± 0.529 
8.05 km: 2016 AM 30.475 ± 5.587 55.863 ± 5.987 12.558 ± 3.147 0.491 ± 0.206 0.612 ± 3.487 
8.05 km: 2016 MW 44.883 ± 2.42 42.661 ± 2.958 7.555 ± 1.163 0.791 ± 0.32 4.111 ± 1.814 
8.05 km: 2016 NE 14.041 ± 3.209 41.933 ± 7.663 23.646 ± 6.778 2.515 ± 1.046 17.865 ± 4.527 
8.05 km: 2016 OZ 29.722 ± 2.502 54.04 ± 3.659 9.447 ± 1.455 1.196 ± 0.57 5.595 ± 1.911 
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Figure 27.  Average proportional forest loss (with 90% confidence intervals) within a 4.025 km 
radius of hibernacula entrances by USFWS Recovery Units (AM [Appalachian Mountains] = 
blue, MW [Midwest] = green, NE [Northeast] = yellow, and OZ [Ozark-Central] = orange) for 
the time spans 1992 – 2001, 1992 – 2016, 2001 – 2016. 
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Table 29.  Average (with 90% confidence interval) proportional forest loss for USFWS Recovery 
Units (AM [Appalachian Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]) 
by extent and time span. 
 
 2001 - 2016 1992 -2016 1992 - 2001 
4.025 km: AM -0.194 ± 0.034 -0.247 ± 0.039 -0.069 ± 0.012 
4.025 km: MW -0.264 ± 0.022 -0.348 ± 0.025 -0.123 ± 0.013 
4.025 km: NE -0.015 ± 0.46 -0.42 ± 0.065 -0.245 ± 0.078 
4.025 km: OZ 0.03 ± 0.329 -0.24 ± 0.023 -0.098 ± 0.025 
    
8.05 km: AM -0.222 ± 0.049 -0.276 ± 0.049 -0.07 ± 0.011 
8.05 km: MW -0.337 ± 0.028 -0.422 ± 0.028 -0.132 ± 0.012 
8.05 km: NE -0.212 ± 0.177 -0.44 ± 0.064 -0.242 ± 0.068 
8.05 km: OZ -0.212 ± 0.054 -0.31 ± 0.031 -0.105 ± 0.021 
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Table 30.  Results (multiple response permutation procedure) for landscape pattern indices (edge 
density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) 
between USFWS Recovery Units within the 4.025 km extent for 1992 (AM [Appalachian 
Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]). Significant results are in 
bold. 
LPI Year Δ P-Value Group S1 Group S2 
ED 4.025 km: 1992 AM vs. NE -8.400 0.000 28 17 
LP 4.025 km: 1992 AM vs. NE -0.059 0.328 28 17 
LSI 4.025 km: 1992 AM vs. NE -8.591 0.000 28 17 
PD 4.025 km: 1992 AM vs. NE -16.749 0.000 28 17 
ED 4.025 km: 1992 MW vs. AM -0.791 0.155 92 28 
LP 4.025 km: 1992 MW vs. AM -0.667 0.171 92 28 
LSI 4.025 km: 1992 MW vs. AM -0.779 0.157 92 28 
PD 4.025 km: 1992 MW vs. AM -3.183 0.017 92 28 
ED 4.025 km: 1992 MW vs. NE -6.578 0.001 92 17 
LP 4.025 km: 1992 MW vs. NE -1.947 0.053 92 17 
LSI 4.025 km: 1992 MW vs. NE -6.525 0.001 92 17 
PD 4.025 km: 1992 MW vs. NE -16.100 0.000 92 17 
ED 4.025 km: 1992 OZ vs. AM -2.335 0.037 63 28 
LP 4.025 km: 1992 OZ vs. AM -0.443 0.220 63 28 
LSI 4.025 km: 1992 OZ vs. AM -2.773 0.025 63 28 
PD 4.025 km: 1992 OZ vs. AM -14.603 0.000 63 28 
ED 4.025 km: 1992 OZ vs. MW -3.425 0.014 63 92 
LP 4.025 km: 1992 OZ vs. MW -2.686 0.028 63 92 
LSI 4.025 km: 1992 OZ vs. MW -3.605 0.012 63 92 
PD 4.025 km: 1992 OZ vs. MW -9.200 0.000 63 92 
ED 4.025 km: 1992 OZ vs. NE -3.859 0.009 63 17 
LP 4.025 km: 1992 OZ vs. NE 0.341 0.506 63 17 
LSI 4.025 km: 1992 OZ vs. NE -3.910 0.009 63 17 
PD 4.025 km: 1992 OZ vs. NE -6.547 0.001 63 17 
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Table 31.  Results (multiple response permutation procedure) for landscape pattern indices (edge 
density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) 
between USFWS Recovery Units within the 4.025 km extent for 2001 (AM [Appalachian 
Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]). Significant results are in 
bold. 
LPI Year Δ P-Value Group S1 Group S2 
ED 4.025 km: 2001 AM vs. NE -5.281 0.002 28 14 
LP 4.025 km: 2001 AM vs. NE 0.664 0.735 28 14 
LSI 4.025 km: 2001 AM vs. NE -5.084 0.002 28 14 
PD 4.025 km: 2001 AM vs. NE -15.734 0.000 28 14 
ED 4.025 km: 2001 MW vs. AM -4.866 0.004 87 28 
LP 4.025 km: 2001 MW vs. AM 0.393 0.519 87 28 
LSI 4.025 km: 2001 MW vs. AM -5.373 0.002 87 28 
PD 4.025 km: 2001 MW vs. AM -4.589 0.005 87 28 
ED 4.025 km: 2001 MW vs. NE -2.750 0.025 87 14 
LP 4.025 km: 2001 MW vs. NE 0.842 1.000 87 14 
LSI 4.025 km: 2001 MW vs. NE -2.752 0.025 87 14 
PD 4.025 km: 2001 MW vs. NE -19.263 0.000 87 14 
ED 4.025 km: 2001 OZ vs. AM -1.417 0.087 61 28 
LP 4.025 km: 2001 OZ vs. AM -2.415 0.035 61 28 
LSI 4.025 km: 2001 OZ vs. AM -1.883 0.056 61 28 
PD 4.025 km: 2001 OZ vs. AM -14.374 0.000 61 28 
ED 4.025 km: 2001 OZ vs. MW -0.676 0.173 61 87 
LP 4.025 km: 2001 OZ vs. MW -2.958 0.022 61 87 
LSI 4.025 km: 2001 OZ vs. MW -0.694 0.170 61 87 
PD 4.025 km: 2001 OZ vs. MW -6.186 0.001 61 87 
ED 4.025 km: 2001 OZ vs. NE -4.145 0.007 61 14 
LP 4.025 km: 2001 OZ vs. NE -0.626 0.188 61 14 
LSI 4.025 km: 2001 OZ vs. NE -4.229 0.006 61 14 
PD 4.025 km: 2001 OZ vs. NE -9.555 0.000 61 14 
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Table 32.  Results (multiple response permutation procedure) for landscape pattern indices (edge 
density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) 
between USFWS Recovery Units within the 8.05 km extent for 1992 (AM [Appalachian 
Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]). Significant results are in 
bold. 
LPI Year Δ P-Value Group S1 Group S2 
ED 8.05 km: 1992 AM vs. NE -8.992 0.000 27 16 
LP 8.05 km: 1992 AM vs. NE -0.556 0.200 27 16 
LSI 8.05 km: 1992 AM vs. NE -8.586 0.000 27 16 
PD 8.05 km: 1992 AM vs. NE -13.759 0.000 27 16 
ED 8.05 km: 1992 MW vs. AM -1.871 0.057 91 27 
LP 8.05 km: 1992 MW vs. AM -1.525 0.077 91 27 
LSI 8.05 km: 1992 MW vs. AM -1.863 0.057 91 27 
PD 8.05 km: 1992 MW vs. AM -3.953 0.009 91 27 
ED 8.05 km: 1992 MW vs. NE -4.841 0.004 91 16 
LP 8.05 km: 1992 MW vs. NE -2.190 0.043 91 16 
LSI 8.05 km: 1992 MW vs. NE -4.644 0.005 91 16 
PD 8.05 km: 1992 MW vs. NE -13.051 0.000 91 16 
ED 8.05 km: 1992 OZ vs. AM -3.600 0.012 62 27 
LP 8.05 km: 1992 OZ vs. AM 0.615 0.686 62 27 
LSI 8.05 km: 1992 OZ vs. AM -3.406 0.014 62 27 
PD 8.05 km: 1992 OZ vs. AM -13.446 0.000 62 27 
ED 8.05 km: 1992 OZ vs. MW -2.160 0.044 62 91 
LP 8.05 km: 1992 OZ vs. MW -1.612 0.071 62 91 
LSI 8.05 km: 1992 OZ vs. MW -2.123 0.045 62 91 
PD 8.05 km: 1992 OZ vs. MW -5.843 0.002 62 91 
ED 8.05 km: 1992 OZ vs. NE -3.536 0.012 62 16 
LP 8.05 km: 1992 OZ vs. NE -0.674 0.177 62 16 
LSI 8.05 km: 1992 OZ vs. NE -3.302 0.015 62 16 
PD 8.05 km: 1992 OZ vs. NE -7.820 0.000 62 16 
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Table 33.  Results (multiple response permutation procedure) for landscape pattern indices (edge 
density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) 
between USFWS Recovery Units within the 8.05 km extent for 2001 (AM [Appalachian 
Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]). Significant results are in 
bold. 
LPI Year Δ P-Value Group S1 Group S2 
ED 8.05 km: 2001 AM vs. NE -6.331 0.001 25 15 
LP 8.05 km: 2001 AM vs. NE -1.046 0.123 25 15 
LSI 8.05 km: 2001 AM vs. NE -5.380 0.002 25 15 
PD 8.05 km: 2001 AM vs. NE -15.218 0.000 25 15 
ED 8.05 km: 2001 MW vs. AM -12.666 0.000 81 25 
LP 8.05 km: 2001 MW vs. AM 0.288 0.459 81 25 
LSI 8.05 km: 2001 MW vs. AM -12.315 0.000 81 25 
PD 8.05 km: 2001 MW vs. AM -5.818 0.002 81 25 
ED 8.05 km: 2001 MW vs. NE -1.202 0.107 81 15 
LP 8.05 km: 2001 MW vs. NE -0.382 0.232 81 15 
LSI 8.05 km: 2001 MW vs. NE -1.244 0.103 81 15 
PD 8.05 km: 2001 MW vs. NE -23.510 0.000 81 15 
ED 8.05 km: 2001 OZ vs. AM -3.100 0.019 59 25 
LP 8.05 km: 2001 OZ vs. AM -1.417 0.086 59 25 
LSI 8.05 km: 2001 OZ vs. AM -2.819 0.024 59 25 
PD 8.05 km: 2001 OZ vs. AM -10.943 0.000 59 25 
ED 8.05 km: 2001 OZ vs. MW -3.979 0.008 59 81 
LP 8.05 km: 2001 OZ vs. MW -6.479 0.001 59 81 
LSI 8.05 km: 2001 OZ vs. MW -4.054 0.008 59 81 
PD 8.05 km: 2001 OZ vs. MW -3.925 0.009 59 81 
ED 8.05 km: 2001 OZ vs. NE -3.719 0.010 59 15 
LP 8.05 km: 2001 OZ vs. NE -4.781 0.004 59 15 
LSI 8.05 km: 2001 OZ vs. NE -3.223 0.016 59 15 
PD 8.05 km: 2001 OZ vs. NE -13.563 0.000 59 15 
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Table 34.  Average (with 90% confidence intervals) for landscape pattern index values (edge 
density [ED], largest patch index [LP], landscape shape index [LSI], patch density [PD]) for 
USFWS Recovery Units by 4.025 km or 8.05 km extent in 1992 and 2001 (AM [Appalachian 
Mountains], MW [Midwest], NE [Northeast], and OZ [Ozark-Central]).  
 ED LP LSI PD 
4.025 km: 1992 AM 28.692 ± 8.319 76.813 ± 7.148 6.239 ± 1.464 4.166 ± 0.528 
4.025 km: 1992 MW 31.054 ± 4.398 80.806 ± 4.093 6.749 ± 0.772 5.248 ± 0.547 
4.025 km: 1992 NE 54.135 ± 12.791 77.499 ± 7.554 10.767 ± 2.272 10.658 ± 2.6 
4.025 km: 1992 OZ 38.288 ± 4.639 80.33 ± 3.832 8.033 ± 0.804 7.188 ± 0.721 
4.025 km: 2001 AM 46.166 ± 7.322 65.225 ± 7.643 9.322 ± 1.316 5.753 ± 0.592 
4.025 km: 2001 MW 58.216 ± 3.741 65.899 ± 3.937 11.544 ± 0.66 6.943 ± 0.443 
4.025 km: 2001 NE 71.033 ± 16.124 64.561 ± 11.54 13.508 ± 3.1 12.179 ± 2.397 
4.025 km: 2001 OZ 54.076 ± 4.049 73.101 ± 4.277 10.824 ± 0.707 8.362 ± 0.593 
     
8.05 km: 1992 AM 30.015 ± 7.807 78.426 ± 7.654 12.608 ± 2.79 4.331 ± 0.481 
8.05 km: 1992 MW 34.739 ± 4.25 75.658 ± 4.486 14.143 ± 1.52 5.377 ± 0.5 
8.05 km: 1992 NE 52.649 ± 11.54 74.273 ± 6.236 20.397 ± 4.201 10.112 ± 2.671 
8.05 km: 1992 OZ 39.529 ± 4.294 76.472 ± 4.376 15.857 ± 1.534 6.615 ± 0.565 
8.05 km: 2001 AM 45.626 ± 6.8 61.002 ± 7.551 18.191 ± 2.457 5.664 ± 0.63 
8.05 km: 2001 MW 61.809 ± 3.191 57.373 ± 4.255 23.81 ± 1.143 6.852 ± 0.363 
8.05 km: 2001 NE 68.452 ± 11.289 49.782 ± 12.664 25.566 ± 4.439 11.322 ± 1.935 
8.05 km: 2001 OZ 54.528 ± 3.779 69.008 ± 4.49 21.201 ± 1.353 7.669 ± 0.48 
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Figure 28.  Average (with 90% confidence intervals) landscape pattern index values within an 
8.05 km radius of hibernacula entrances by USFWS Recovery Units (AM [Appalachian 
Mountains] = blue, MW [Midwest] = green, NE [Northeast] = yellow, and OZ [Ozark-Central] = 
orange) for 1992. 
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Figure 29.  Average (with 90% confidence intervals) landscape pattern index values within a 
4.025 km radius of hibernacula entrances by USFWS Recovery Units (AM [Appalachian 
Mountains] = blue, MW [Midwest] = green, NE [Northeast] = yellow, and OZ [Ozark-Central] = 
orange) for 2016. 
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Table 35.  Results (multiple response permutation procedure) for insolation (INSO) and climate 
variables (precipitation [PPT], maximum temperature [TMAX], minimum temperature [TMIN]) 
within the 4.025 km extent between USFWS Recovery Units (AM [Appalachian Mountains], 
MW [Midwest], NE [Northeast], and OZ [Ozark-Central]) for 1992.  
 
Variable Year Δ P-Value Group S1 Group S2 
INSO 4.025 km: 1992 AM vs. NE -22.278 0.000 29 19 
PPT 4.025 km: 1992 AM vs. NE -0.157 0.305 29 19 
TMAX 4.025 km: 1992 AM vs. NE -10.769 0.000 29 19 
TMIN 4.025 km: 1992 AM vs. NE -10.457 0.000 29 19 
INSO 4.025 km: 1992 MW vs. AM -4.055 0.008 107 29 
PPT 4.025 km: 1992 MW vs. AM -3.507 0.013 107 29 
TMAX 4.025 km: 1992 MW vs. AM -47.663 0.000 107 29 
TMIN 4.025 km: 1992 MW vs. AM -48.384 0.000 107 29 
INSO 4.025 km: 1992 MW vs. NE -50.681 0.000 107 19 
PPT 4.025 km: 1992 MW vs. NE -1.472 0.083 107 19 
TMAX 4.025 km: 1992 MW vs. NE -68.004 0.000 107 19 
TMIN 4.025 km: 1992 MW vs. NE -60.635 0.000 107 19 
INSO 4.025 km: 1992 OZ vs. AM -5.303 0.002 70 29 
PPT 4.025 km: 1992 OZ vs. AM -19.109 0.000 70 29 
TMAX 4.025 km: 1992 OZ vs. AM -41.320 0.000 70 29 
TMIN 4.025 km: 1992 OZ vs. AM -43.721 0.000 70 29 
INSO 4.025 km: 1992 OZ vs. MW -4.130 0.007 70 107 
PPT 4.025 km: 1992 OZ vs. MW -23.067 0.000 70 107 
TMAX 4.025 km: 1992 OZ vs. MW -2.762 0.024 70 107 
TMIN 4.025 km: 1992 OZ vs. MW -5.900 0.001 70 107 
INSO 4.025 km: 1992 OZ vs. NE -48.673 0.000 70 19 
PPT 4.025 km: 1992 OZ vs. NE -19.372 0.000 70 19 
TMAX 4.025 km: 1992 OZ vs. NE -52.190 0.000 70 19 
TMIN 4.025 km: 1992 OZ vs. NE -47.542 0.000 70 19 
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Table 36.  Results (multiple response permutation procedure) for insolation (INSO) and climate 
variables (precipitation [PPT], maximum temperature [TMAX], minimum temperature [TMIN]) 
within the 4.025 km extent between USFWS Recovery Units (AM [Appalachian Mountains], 
MW [Midwest], NE [Northeast], and OZ [Ozark-Central]) for 2001.  
 
Variable Year δ P-Value Group S1 Group S2 
INSO 4.025 km: 2001 AM vs. NE -26.157 0.000 29 19 
PPT 4.025 km: 2001 AM vs. NE -2.574 0.030 29 19 
TMAX 4.025 km: 2001 AM vs. NE -2.574 0.030 29 19 
TMIN 4.025 km: 2001 AM vs. NE -5.435 0.002 29 19 
INSO 4.025 km: 2001 MW vs. AM -4.195 0.007 107 29 
PPT 4.025 km: 2001 MW vs. AM -23.211 0.000 107 29 
TMAX 4.025 km: 2001 MW vs. AM -23.211 0.000 107 29 
TMIN 4.025 km: 2001 MW vs. AM -53.531 0.000 107 29 
INSO 4.025 km: 2001 MW vs. NE -62.032 0.000 107 19 
PPT 4.025 km: 2001 MW vs. NE -32.356 0.000 107 19 
TMAX 4.025 km: 2001 MW vs. NE -32.356 0.000 107 19 
TMIN 4.025 km: 2001 MW vs. NE -58.308 0.000 107 19 
INSO 4.025 km: 2001 OZ vs. AM -2.956 0.021 70 29 
PPT 4.025 km: 2001 OZ vs. AM -5.409 0.003 70 29 
TMAX 4.025 km: 2001 OZ vs. AM -5.409 0.003 70 29 
TMIN 4.025 km: 2001 OZ vs. AM -37.222 0.000 70 29 
INSO 4.025 km: 2001 OZ vs. MW -4.926 0.004 70 107 
PPT 4.025 km: 2001 OZ vs. MW -17.478 0.000 70 107 
TMAX 4.025 km: 2001 OZ vs. MW -17.478 0.000 70 107 
TMIN 4.025 km: 2001 OZ vs. MW -1.350 0.092 70 107 
INSO 4.025 km: 2001 OZ vs. NE -53.888 0.000 70 19 
PPT 4.025 km: 2001 OZ vs. NE -6.978 0.001 70 19 
TMAX 4.025 km: 2001 OZ vs. NE -6.978 0.001 70 19 
TMIN 4.025 km: 2001 OZ vs. NE -40.648 0.000 70 19 
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Table 37.  Results (multiple response permutation procedure) for insolation (INSO) and climate 
variables (precipitation [PPT], maximum temperature [TMAX], minimum temperature [TMIN]) 
within the 8.05 km extent between USFWS Recovery Units (AM [Appalachian Mountains], MW 
[Midwest], NE [Northeast], and OZ [Ozark-Central]) for 1992.  
 
Variable Year δ P-Value Group S1 Group S2 
INSO 8.05 km: 1992 AM vs. NE -23.777 0.000 29 19 
PPT 8.05 km: 1992 AM vs. NE -0.327 0.260 29 19 
TMAX 8.05 km: 1992 AM vs. NE -10.762 0.000 29 19 
INSO 8.05 km: 1992 MW vs. AM -5.602 0.002 107 29 
PPT 8.05 km: 1992 MW vs. AM -2.330 0.037 107 29 
TMAX 8.05 km: 1992 MW vs. AM -48.855 0.000 107 29 
TMIN 8.05 km: 1992 MW vs. AM -49.203 0.000 107 29 
INSO 8.05 km: 1992 MW vs. NE -52.687 0.000 107 19 
PPT 8.05 km: 1992 MW vs. NE -0.862 0.148 107 19 
TMAX 8.05 km: 1992 MW vs. NE -68.384 0.000 107 19 
TMIN 8.05 km: 1992 MW vs. NE -61.477 0.000 107 19 
INSO 8.05 km: 1992 OZ vs. AM -5.788 0.002 70 29 
PPT 8.05 km: 1992 OZ vs. AM -18.487 0.000 70 29 
TMAX 8.05 km: 1992 OZ vs. AM -42.006 0.000 70 29 
TMIN 8.05 km: 1992 OZ vs. AM -44.017 0.000 70 29 
INSO 8.05 km: 1992 OZ vs. MW -4.688 0.004 70 107 
PPT 8.05 km: 1992 OZ vs. MW -23.603 0.000 70 107 
TMAX 8.05 km: 1992 OZ vs. MW -3.169 0.016 70 107 
TMIN 8.05 km: 1992 OZ vs. MW -6.388 0.001 70 107 
INSO 8.05 km: 1992 OZ vs. NE -49.757 0.000 70 19 
PPT 8.05 km: 1992 OZ vs. NE -15.565 0.000 70 19 
TMAX 8.05 km: 1992 OZ vs. NE -52.390 0.000 70 19 
TMIN 8.05 km: 1992 OZ vs. NE -47.971 0.000 70 19 
TMIN 4.025 km: 2001 OZ vs. NE -40.648 0.000 70 19 
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Table 38.  Results (multiple response permutation procedure) for insolation (INSO) and climate 
variables (precipitation [PPT], maximum temperature [TMAX], minimum temperature [TMIN]) 
within the 8.05 km extent between USFWS Recovery Units (AM [Appalachian Mountains], MW 
[Midwest], NE [Northeast], and OZ [Ozark-Central]) for 2001.  
 
Variable Year δ P-Value Group S1 Group S2 
INSO 8.05 km: 2001 AM vs. NE -27.202 0.000 29 19 
PPT 8.05 km: 2001 AM vs. NE -4.516 0.005 29 19 
TMAX 8.05 km: 2001 AM vs. NE -9.409 0.000 29 19 
TMIN 8.05 km: 2001 AM vs. NE -5.300 0.002 29 19 
INSO 8.05 km: 2001 MW vs. AM -6.650 0.001 107 29 
PPT 8.05 km: 2001 MW vs. AM -16.753 0.000 107 29 
TMAX 8.05 km: 2001 MW vs. AM -49.854 0.000 107 29 
TMIN 8.05 km: 2001 MW vs. AM -54.242 0.000 107 29 
INSO 8.05 km: 2001 MW vs. NE -62.981 0.000 107 19 
PPT 8.05 km: 2001 MW vs. NE -3.060 0.019 107 19 
TMAX 8.05 km: 2001 MW vs. NE -69.745 0.000 107 19 
TMIN 8.05 km: 2001 MW vs. NE -59.402 0.000 107 19 
INSO 8.05 km: 2001 OZ vs. AM -3.911 0.008 70 29 
PPT 8.05 km: 2001 OZ vs. AM 0.148 0.391 70 29 
TMAX 8.05 km: 2001 OZ vs. AM -40.534 0.000 70 29 
TMIN 8.05 km: 2001 OZ vs. AM -37.800 0.000 70 29 
INSO 8.05 km: 2001 OZ vs. MW -5.351 0.002 70 107 
PPT 8.05 km: 2001 OZ vs. MW -20.659 0.000 70 107 
TMAX 8.05 km: 2001 OZ vs. MW -3.583 0.011 70 107 
TMIN 8.05 km: 2001 OZ vs. MW -1.308 0.095 70 107 
INSO 8.05 km: 2001 OZ vs. NE -54.702 0.000 70 19 
PPT 8.05 km: 2001 OZ vs. NE -3.241 0.016 70 19 
TMAX 8.05 km: 2001 OZ vs. NE -52.695 0.000 70 19 
TMIN 8.05 km: 2001 OZ vs. NE -41.460 0.000 70 19 
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Table 39.  Average (with 90% confidence intervals) yearly insolation ([kW·h/{m
2
·day}], 
[INSO]) and climate variables (precipitation [mm], [PPT], maximum temperature [C], [TMAX], 
minimum temperature [C], [TMIN]).  Values are for the 4.025 and 8.05 km landscape spatial 
extents in 1992 and 2001by USFWS Recovery Units (AM [Appalachian Mountains], MW 
[Midwest], NE [Northeast], and OZ [Ozark-Central]) 
 
 INSO PPT TMAX       TMIN  
4.025 km: 1992 AM 0.093 ± 0.017 93.767 ± 4.071 15.889 ± 0.739 3.883 ± 0.711 
4.025 km: 1992 MW 0.156 ± 0.004 96.27 ± 1.155 18.711 ± 0.189 6.512 ± 0.185 
4.025 km: 1992 NE 0.03 ± 0.022 92.696 ± 3.024 13.04 ± 0.756 1.236 ± 0.911 
4.025 km: 1992 OZ 0.167 ± 0.005 101.614 ± 1.093 18.965 ± 0.199 6.958 ± 0.212 
4.025 km: 2001 AM 0.109 ± 0.016 94.436 ± 5.322 47.248 ± 2.222 4.54 ± 0.65 
4.025 km: 2001 MW 0.177 ± 0.004 107.888 ± 1.435 53.974 ± 0.862 7.393 ± 0.171 
4.025 km: 2001 NE 0.07 ± 0.019 90.187 ± 3.539 45.123 ± 1.77 2.93 ± 0.778 
4.025 km: 2001 OZ 0.174 ± 0.005 100.651 ± 2.295 50.356 ± 1.116 7.244 ± 0.209 
     
8.05 km: 1992 AM 0.092 ± 0.017 94.639 ± 3.907 15.843 ± 0.738 3.844 ± 0.71 
8.05 km: 1992 MW 0.156 ± 0.004 96.283 ± 1.171 18.705 ± 0.187 6.503 ± 0.184 
8.05 km: 1992 NE 0.03 ± 0.021 93.268 ± 2.939 13.042 ± 0.746 1.243 ± 0.889 
8.05 km: 1992 OZ 0.167 ± 0.005 101.582 ± 1.054 18.973 ± 0.202 6.957 ± 0.213 
8.05 km: 2001 AM 0.108 ± 0.016 91.302 ± 4.486 17.02 ± 0.666 4.501 ± 0.65 
8.05 km: 2001 MW 0.177 ± 0.004 102.879 ± 1.385 19.762 ± 0.17 7.385 ± 0.171 
8.05 km: 2001 NE 0.07 ± 0.018 98.538 ± 3.69 14.86 ± 0.481 2.918 ± 0.758 
8.05 km: 2001 OZ 0.174 ± 0.005 93.25 ± 2.461 19.931 ± 0.196 7.244 ± 0.21 
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Figure 30.  Scatter plot for the proportion of forest and Indiana bat population count mean 
(average of biennial winter population counts 1988 – 1996) in 1992 at two spatial extents. 
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Figure 31.  Semi-variogram for the 1992 proportion of forest land cover. 
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Appendix A 
Linear Model Summaries 
 
 
For the following tables please use this key:  
 
AREA1prop = Proportion of water land cover class within the landscape 
AREA2prop = Proportion of developed land cover class within the landscape 
AREA3prop = Proportion of forest land cover class within the landscape 
AREA4prop = Proportion of agriculture land cover class within the landscape 
AREA5prop = Proportion of wetland land cover class within the landscape 
ed = edge density, a landscape pattern index 
lp = largest patch index, a landscape pattern index 
lsi = landscape shape index, a landscape pattern index 
pd = patch density, a landscape pattern index 
inso = insolation, kW·h/(m
2
·day) 
ppt = precipitation, mm 
tmax = maximum temperature, C 
tmin = minimum temperature, C 
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Table 40. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Federal, 1992 mean, 4.025 km EUA.  
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Table 41. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Federal, 1992 mean, 8.05 km EUA. 
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Table 42. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Federal, 2001 mean, 4.025 km EUA.  
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Table 43. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Federal, 2001 mean, 8.05 km EUA.  
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Table 44. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for State, 2001 mean, 8.05 km EUA.  
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Table 45. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for State, 2001 trend, 8.05 km EUA.  
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Table 46. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Private, 2001 trend, 4.025 km EUA.  
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Table 47. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Private, 2001 trend, 8.05 km EUA.  
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Table 48. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Priority Ranking 1, 1992 trend, 4.025 km EUA.  
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Table 49. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Model for Priority Ranking 1, 1992 trend, 8.05 km EUA.  
 
 
  
  
128 
 
Table 50. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Priority Ranking 1, 2001 trend, 4.025 km EUA.  
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Table 51. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Priority Ranking 1, 2001 mean, 4.025 km EUA.  
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Table 52. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Priority Ranking 1, 2001 mean, 8.05 km EUA. 
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Table 53. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Priority Ranking 2, 1992 mean, 4.025 km EUA. 
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Table 54. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Priority Ranking 2, 1992 mean, 8.05 km EUA. 
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Table 55. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Priority Ranking 2, 1992 trend, 4.025 km EUA. 
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Table 56. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Ozark-Central Recovery Unit, 1992 mean, 4.025 km EUA. 
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Table 57. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Ozark-Central Recovery Unit, 1992 mean, 8.05 km EUA. 
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Table 58. Model summary from the stepwise AIC procedure displaying models where delta AIC 
is less than 2.  Models for Midwest Recovery Unit, 2001 mean, 8.05 km EUA. 
 
 
  
Appendix B 
Land Cover Class Proportions 
 
Table 59.  Land cover proportions for the landscape within 4.025 km of Indiana bat hibernacula 
entrances for 1992. 
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Hibernaculum Name County, State water developed forest agriculture wetland 
Unimin - Magazine Mine Alexander, IL 0.12 0.45 80.13 19.21 0.08 
Batwing Crawford, IN 0.82 1.86 49.71 47.61 0.01 
Wyandotte Crawford, IN 0.45 1.34 89.83 8.24 0.14 
Ray's Greene, IN 0.04 0.02 48.08 51.80 0.06 
Jug Hole Harrison, IN 3.19 0.10 83.36 13.07 0.28 
Twin Domes Harrison, IN 0.38 0.59 68.30 30.52 0.20 
Coon Monroe, IN 0.07 1.33 61.34 37.26 0.0 
Grotto Monroe, IN 0.01 3.36 56.75 39.87 0.01 
Bat (Carter Caves SRP) Carter, KY 0.16 0.78 93.95 5.11 0.0 
Dixon Edmonson, KY 1.16 0.35 98.40 0.05 0.03 
Pilot Knob Mine Iron, MO 0.43 10.66 68.67 19.29 0.95 
Great Scott 
Washington, 
MO 
0.16 0.03 96.52 2.70 0.59 
Walter Williams 
Preserve Mine 
Ulster, NY 3.19 8.60 78.47 7.70 2.04 
Williams Hotel Mine Ulster, NY 3.81 7.75 79.63 7.36 1.44 
White Oak Blowhole Blount, TN 0.0 0.56 95.86 3.58 0.0 
Hellhole Pendleton, WV 0.28 2.0 73.41 24.28 0.02 
Coach Edmonson, KY 0.11 2.86 56.78 40.22 0.03 
Long Edmonson, KY 0.05 0.54 84.69 14.68 0.03 
Line Fork Letcher, KY 0.04 3.27 96.17 0.52 0.0 
Onyx Crawford, MO 1.70 0.17 83.80 13.40 0.94 
Copper Hollow Sink Franklin, MO 0.87 1.49 85.97 11.31 0.36 
Brooks Pulaski, MO 0.67 10.89 76.39 12.0 0.04 
Ryden Pulaski, MO 1.47 0.0 86.42 10.66 1.45 
Horsethief Madison, AR 1.06 0.10 53.24 44.44 1.16 
Cave Mountain Newton, AR 0.90 0.0 85.20 13.25 0.65 
Edgeman Newton, AR 0.71 0.06 87.16 11.42 0.65 
Horseshoe Newton, AR 1.02 2.85 87.02 8.82 0.29 
Unimin - Mine 30 Alexander, IL 0.01 0.27 88.24 11.47 0.02 
Griffith Hardin, IL 9.71 4.45 47.28 33.86 4.71 
Gutherie Hardin, IL 9.04 4.35 48.30 33.92 4.39 
Toothless Jackson, IL 1.51 0.11 71.41 9.50 17.47 
Blackball Mine LaSalle, IL 6.99 8.35 21.50 51.39 11.77 
Ellis Pope, IL 0.29 0.33 76.82 20.35 2.21 
Parker's Pit Harrison, IN 0.29 0.26 82.53 16.75 0.16 
B&O Breckinridge, KY 0.06 0.50 51.95 47.47 0.02 
Table 59.  Continued 
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Hibernaculum Name County, State water developed forest agriculture wetland 
Norton Valley Breckinridge, KY 0.0 0.21 78.19 21.60 0.0 
Thornhill Breckinridge, KY 0.01 0.63 60.28 39.08 0.0 
Laurel Carter, KY 0.16 0.91 94.90 4.03 0.0 
Saltpeter Carter, KY 0.16 0.81 94.16 4.88 0.0 
Colossal Edmonson, KY 0.76 0.36 96.45 2.43 0.01 
Jesse James Edmonson, KY 0.12 2.95 53.66 43.24 0.03 
Morton Estill, KY 0.04 0.08 99.54 0.34 0.0 
Frenchman's Knob Pit Hart, KY 0.0 2.43 82.64 14.93 0.0 
Wind Jackson, KY 0.01 0.19 98.34 1.20 0.26 
Cave Hollow Lee, KY 0.30 0.28 98.07 1.35 0.0 
Stillhouse Lee, KY 0.24 0.29 98.78 0.68 0.01 
Green Letcher, KY 0.03 0.41 99.24 0.31 0.0 
Little Amos Menifee, KY 0.02 0.58 96.77 2.63 0.0 
Smokehole Rockcastle, KY 0.01 0.07 96.71 3.21 0.0 
Waterfall Rockcastle, KY 0.02 0.52 98.49 0.93 0.04 
Bear Franklin, MO 0.86 3.87 84.26 10.66 0.35 
Great Spirit Pulaski, MO 0.66 2.70 76.17 20.26 0.22 
Tunnel Pulaski, MO 3.07 0.20 66.99 27.88 1.84 
Cookstove Shannon, MO 0.07 0.02 99.49 0.41 0.01 
Martin # 1 Shannon, MO 1.58 0.04 96.70 1.33 0.35 
Mose Prater Shannon, MO 1.15 0.02 95.62 2.70 0.51 
Powder Mill Shannon, MO 1.08 0.03 97.42 0.94 0.53 
Hamilton 
Washington, 
MO 
0.89 0.11 90.16 8.39 0.44 
Scotia Hollow 
Washington, 
MO 
2.56 0.20 90.59 6.57 0.07 
Barton Hill Mine Essex, NY 1.88 2.77 92.74 2.61 0.0 
Glen Park Cave Jefferson, NY 0.37 14.12 30.80 52.18 2.53 
Jamesville Quarry Cave Onondaga, NY 1.75 34.48 49.65 13.39 0.74 
Williams Lake Mine Ulster, NY 4.06 7.67 80.82 5.97 1.48 
Lewisburg Limestone 
Mine 
Preble, OH 0.10 3.10 9.91 86.48 0.42 
Canoe Creek Mine Blair, PA 1.43 1.19 73.24 23.92 0.21 
Penns Cave Centre, PA 0.10 0.70 52.62 46.09 0.50 
New Mammoth Cave Campbell, TN 0.01 0.89 93.01 6.08 0.0 
Wolf River Cave Fentress, TN 0.03 0.48 84.50 13.89 1.11 
Pearson Cave Hawkins, TN 0.60 0.16 89.94 9.27 0.03 
Bellamy 
Montgomery, 
TN 
0.01 1.43 69.31 29.25 0.0 
Cumberland Gap 
Saltpeter 
Lee, VA 0.07 4.51 88.0 7.41 0.0 
Table 59.  Continued 
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Hibernaculum Name County, State water developed forest agriculture wetland 
Higgenbotham No 1 Tazewell, VA 0.02 0.0 57.80 42.14 0.04 
Rocky Hollow Cave Wise, VA 0.05 1.84 93.46 4.47 0.18 
Trout Pendleton, WV 0.49 0.17 82.99 16.33 0.03 
Fern Jackson, AL 0.32 1.84 69.85 25.57 2.42 
Sauta Jackson, AL 11.61 0.36 58.33 24.30 5.40 
War Eagle Cavern Benton, AR 13.38 0.32 81.61 4.59 0.09 
Rosson Hollow Crevices Franklin, AR 0.95 1.66 95.82 1.35 0.22 
Hankins 
Independence, 
AR 
0.05 0.49 87.57 11.89 0.0 
Corkscrew Newton, AR 0.48 0.49 82.62 16.12 0.29 
Fitton Newton, AR 0.11 0.21 94.25 5.26 0.17 
Wolf Creek Newton, AR 0.11 0.21 94.25 5.26 0.17 
Amphitheatre Stone, AR 0.23 0.56 97.13 1.95 0.12 
Barkshed Saltpeter Stone, AR 0.34 0.20 97.35 1.77 0.35 
Biology Stone, AR 0.01 0.56 97.82 1.60 0.01 
Gustafson Stone, AR 0.07 0.0 97.21 2.70 0.01 
Hidden Springs Stone, AR 0.20 0.56 97.41 1.71 0.12 
Rowland Stone, AR 0.30 0.10 91.81 7.65 0.15 
Roxbury Iron Mine Litchfield, CT 1.19 4.90 75.93 14.90 3.08 
Mine 26 Alexander, IL 0.11 0.33 73.75 25.34 0.47 
Cave Spring Hardin, IL 3.60 0.95 59.38 31.06 5.02 
Brainerd Jersey, IL 19.79 1.10 45.58 13.73 19.81 
Fogelpole Monroe, IL 0.21 0.40 27.06 71.93 0.42 
Brasher Pope, IL 1.66 0.05 77.69 17.83 2.78 
Barney Grace Mine Union, IL 0.12 0.30 82.50 16.94 0.14 
Jason Mine Union, IL 0.70 0.10 70.15 27.99 1.06 
Robinson Ladder Crawford, IN 0.37 0.0 60.76 38.51 0.35 
Saltpeter-Crawford Crawford, IN 0.47 1.45 89.03 8.92 0.14 
Wildcat Crawford, IN 0.41 1.51 87.58 10.37 0.14 
Sexton Spring Greene, IN 0.02 0.18 54.48 45.27 0.05 
Binkley Harrison, IN 0.20 5.98 23.21 70.51 0.09 
Swinney Harrison, IN 0.03 0.64 46.19 52.86 0.27 
Wallier Harrison, IN 13.33 0.99 62.67 19.62 3.38 
Gypsy Bill Allen Martin, IN 0.0 0.0 93.07 6.92 0.01 
Buckner Monroe, IN 0.05 2.60 55.49 41.85 0.01 
King Blair/Brinegar Monroe, IN 0.06 1.67 57.39 40.86 0.01 
Leonard Spring Monroe, IN 0.01 5.57 40.65 53.66 0.12 
Salamander Monroe, IN 0.01 3.41 55.74 40.83 0.01 
Saltpeter-Monroe Monroe, IN 0.02 7.80 39.35 52.80 0.03 
Endless Washington, IN 0.44 0.19 39.62 59.69 0.06 
Table 59.  Continued 
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Hibernaculum Name County, State water developed forest agriculture wetland 
Panther/Neyman Washington, IN 0.43 0.07 48.42 51.01 0.06 
River Washington, IN 0.44 0.20 39.53 59.77 0.06 
Indian Barren, KY 0.17 2.81 69.01 27.98 0.02 
Big Bat Breckinridge, KY 0.01 1.28 43.18 55.54 0.0 
Buzzard Breckinridge, KY 0.02 0.22 59.18 40.58 0.0 
Penitentiary Breckinridge, KY 0.02 0.23 58.70 41.05 0.0 
Carter City Caves Carter, KY 0.05 1.10 93.41 5.45 0.0 
Cascade Carter, KY 0.20 1.26 93.24 5.30 0.0 
Bob Overton Christian, KY 0.62 0.23 77.55 20.23 1.37 
Bat Edmonson, KY 1.51 0.15 92.99 5.34 0.01 
Beckner's Saltpeter Edmonson, KY 0.17 0.66 35.45 58.36 5.36 
Mammoth Cave Edmonson, KY 1.08 0.34 98.51 0.05 0.01 
Prairie Hall Estill, KY 0.04 0.12 99.47 0.38 0.0 
Wilson Hart, KY 1.06 0.12 92.45 6.36 0.0 
Bowman Saltpeter Jackson, KY 0.0 0.25 87.98 11.76 0.0 
Cedar Post Jackson, KY 0.03 0.36 97.45 2.15 0.02 
John Henry Jackson, KY 0.01 0.49 89.58 9.93 0.0 
Misty Jackson, KY 0.0 0.09 99.17 0.74 0.0 
String Jackson, KY 0.0 0.09 98.28 1.63 0.0 
War Fork Jackson, KY 0.02 0.36 97.95 1.46 0.21 
Armine Branch Lee, KY 0.54 0.29 98.09 1.08 0.0 
Ash Lee, KY 0.03 0.33 98.21 1.15 0.28 
Bus Stop Lee, KY 0.01 0.08 99.45 0.28 0.18 
Sparkle Lee, KY 2.36 0.20 96.87 0.57 0.0 
Crystal Letcher, KY 0.03 0.81 98.51 0.65 0.0 
Shaw Hill Bat Livingston, KY 10.55 4.43 38.48 42.36 4.18 
Cave Branch Menifee, KY 0.0 0.11 99.38 0.51 0.0 
Hall Sink Menifee, KY 0.02 0.21 97.29 2.47 0.0 
Well Menifee, KY 0.0 0.08 98.87 1.05 0.0 
Minton Hollow Pulaski, KY 1.25 1.12 97.01 0.62 0.0 
South Goldson Pulaski, KY 4.21 0.46 94.96 0.37 0.0 
Climax Rockcastle, KY 0.03 0.53 88.22 11.22 0.01 
Goochland Rockcastle, KY 0.0 0.07 94.68 5.25 0.0 
Humongous Canyon Rockcastle, KY 0.02 0.49 98.55 0.90 0.04 
Sinks of Roundstone Rockcastle, KY 0.04 0.92 98.07 0.94 0.04 
Twin Springs Rockcastle, KY 0.02 0.57 98.36 1.01 0.04 
Big Sulphur Trigg, KY 0.64 0.31 12.32 77.32 9.41 
Cool Springs Trigg, KY 0.18 1.87 24.23 72.79 0.94 
Limestone Whitley, KY 0.03 0.24 98.08 1.65 0.0 
Chester Emery Mine Hampden, MA 9.89 61.77 17.59 4.88 5.86 
Table 59.  Continued 
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Hibernaculum Name County, State water developed forest agriculture wetland 
Devil's Icebox Boone, MO 1.11 4.32 43.05 50.09 1.43 
Rocheport Boone, MO 6.41 1.31 34.98 51.88 5.42 
Carroll Camden, MO 2.52 0.18 58.27 38.58 0.44 
River Camden, MO 4.98 7.48 80.89 5.97 0.69 
Toby Camden, MO 0.38 0.78 81.95 14.84 2.05 
Panther Spring Carter, MO 1.94 0.0 91.45 3.92 2.69 
Bat Crawford, MO 1.50 0.12 88.27 7.36 2.74 
Saloon Crawford, MO 1.99 0.0 89.36 7.32 1.32 
Watson Dent, MO 1.25 0.0 84.41 13.47 0.86 
Mushroom Franklin, MO 0.79 2.81 86.58 9.59 0.24 
Cave Hollow Iron, MO 4.15 0.24 93.68 1.09 0.85 
Coffin Laclede, MO 1.59 1.70 83.24 11.90 1.56 
Mary Lawson Laclede, MO 0.33 9.69 81.16 8.46 0.36 
Slaven Laclede, MO 2.71 4.90 81.45 9.98 0.97 
Bruce Pulaski, MO 2.51 0.38 68.97 27.25 0.89 
Davis Cave No. 2 Pulaski, MO 0.88 0.18 93.57 4.72 0.65 
Joy Pulaski, MO 0.79 0.21 93.84 4.46 0.70 
Knife Pulaski, MO 0.99 0.24 88.19 10.21 0.36 
Onyx Pulaski, MO 1.90 0.75 79.81 16.60 0.93 
Piquet Pulaski, MO 0.10 0.04 80.39 19.45 0.02 
Marvel Shannon, MO 1.31 0.04 97.24 0.98 0.43 
Tyson Quarry St. Louis, MO 2.07 7.25 71.13 18.12 1.43 
Dunvin Texas, MO 1.05 0.05 80.63 17.60 0.68 
Smittle Wright, MO 0.17 0.0 67.34 32.33 0.15 
Hibernia Mine Morris, NJ 5.56 9.83 76.69 2.28 5.63 
Taylor Mine Morris, NJ 3.88 24.41 64.85 2.74 4.12 
Lawrenceville Mine Ulster, NY 1.89 9.97 74.02 13.04 1.08 
Bennet Hill - Hitchcock 
Mine 
Warren, NY 2.95 0.03 96.88 0.14 0.0 
Main Graphite Mine Warren, NY 1.24 0.12 98.21 0.43 0.0 
Ironton Mine Lawrence, OH 0.66 0.99 90.30 7.96 0.09 
Long Run Mine Armstrong, PA 0.0 1.01 69.60 29.39 0.0 
Hipple Cave Bedford, PA 0.18 0.44 41.95 56.70 0.73 
Sharer Cave Centre, PA 0.02 1.07 52.55 46.13 0.23 
Aitkin Cave Mifflin, PA 0.04 1.06 63.51 35.19 0.20 
S Penn RR Tunnel - 
Allegheny  Mtn 
Somerset, PA 0.08 1.78 83.08 14.59 0.47 
Bull Cave Blount, TN 0.05 0.51 95.95 3.48 0.0 
Zarathustra Cave Fentress, TN 0.02 0.48 94.47 5.03 0.0 
Indian Cave Grainger, TN 3.56 0.08 46.85 49.51 0.0 
Table 59.  Continued 
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Blue Spring Cave 
Montgomery, 
TN 
0.03 1.91 61.51 36.55 0.0 
Coleman Cave 
Montgomery, 
TN 
0.01 4.95 69.30 25.73 0.0 
Alexander Cave Perry, TN 2.32 1.08 82.67 13.94 0.0 
Tobaccoport Cave Stewart, TN 19.29 0.28 74.34 3.91 2.18 
Clark's Cave Bath, VA 0.71 0.01 78.68 20.03 0.57 
Starr Chapel Saltpeter Bath, VA 0.08 1.02 94.37 4.45 0.08 
Newberry -Bane Bland, VA 0.03 0.21 68.32 31.43 0.02 
Hupman's Saltpeter Highland, VA 0.44 0.04 85.50 13.76 0.25 
Grassy Springs Cave Lee, VA 0.07 2.11 79.0 18.82 0.0 
Aeolus Bat Cave Bennington , VT 0.35 3.75 77.61 17.43 0.87 
Skinner Hollow Bennington , VT 0.27 3.71 87.32 7.88 0.82 
Brandon Silver Mine Rutland, VT 0.42 0.62 83.60 13.24 2.13 
Nickwackett Rutland, VT 0.37 0.30 87.04 10.77 1.52 
Plymouth Windsor, VT 0.98 1.27 93.48 3.93 0.34 
Piercys Greenbrier, WV 0.14 1.25 65.56 32.82 0.23 
Greenville Saltpeter Monroe, WV 0.09 0.71 61.36 37.77 0.06 
Minor Rexrode Pendleton, WV 0.13 0.22 83.13 16.46 0.05 
Marthas Pocahontas, WV 0.51 0.26 57.85 41.12 0.26 
Snedegars Pocahontas, WV 0.03 0.03 81.71 18.22 0.01 
Cornwell Preston, WV 1.29 2.62 77.74 18.04 0.31 
Fortlick Randolph, WV 0.09 0.19 98.29 1.39 0.04 
Izaak Walton Randolph, WV 0.03 0.0 98.19 1.39 0.39 
Stewart Run Randolph, WV 0.08 2.42 96.45 1.05 0.0 
Arbogast/Cave Hollow Tucker, WV 1.55 0.64 93.30 4.13 0.39 
Big Springs Tucker, WV 0.40 0.07 98.39 1.10 0.03 
Armstrong Lawrence, AL 0.04 1.34 93.88 4.08 0.66 
Chimney Rock Barry, MO 0.03 0.09 88.82 11.01 0.05 
Kelley Ridge Cave Blount, TN 0.06 0.83 94.15 4.71 0.24 
Cobb Creek Saltpeter 
Cave 
Fentress, TN 0.01 0.67 93.35 5.97 0.0 
Dragon's Breath Cave Fentress, TN 0.0 0.25 98.56 1.19 0.0 
Nickajack Cave Marion, TN 15.75 1.38 64.66 16.33 1.89 
Camps Gulf Cave Van Buren, TN 0.0 0.08 97.97 1.95 0.0 
Wind Wayne, KY 0.0 0.77 97.26 1.97 0.0 
Bull Mine Orange, NY 1.03 13.60 69.74 13.64 2.0 
 
 Table 60.  Land cover proportions for the landscape within 8.05 km of Indiana bat hibernacula 
entrances for 1992. 
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Unimin - Magazine 
Mine 
Alexander, IL 0.20 0.32 63.62 34.35 1.52 
Batwing Crawford, IN 0.37 1.16 55.53 42.88 0.07 
Wyandotte Crawford, IN 3.21 0.66 71.49 24.53 0.10 
Ray's Greene, IN 0.13 0.08 58.98 40.73 0.08 
Jug Hole Harrison, IN 5.21 0.15 66.45 27.84 0.36 
Twin Domes Harrison, IN 0.33 0.61 66.33 32.60 0.13 
Coon Monroe, IN 0.07 4.71 50.60 44.58 0.04 
Grotto Monroe, IN 0.07 6.12 46.95 46.83 0.03 
Bat (Carter Caves 
SRP) 
Carter, KY 0.10 1.53 91.44 6.93 0.0 
Dixon Edmonson, KY 0.71 0.18 94.04 5.05 0.02 
Pilot Knob Mine Iron, MO 0.76 3.32 77.24 18.02 0.66 
Great Scott Washington, MO 1.25 0.04 93.89 4.29 0.54 
Walter Williams 
Preserve Mine 
Ulster, NY 2.28 12.82 72.27 11.33 1.29 
Williams Hotel Mine Ulster, NY 2.18 8.13 75.22 12.85 1.62 
White Oak Blowhole Blount, TN 0.02 0.55 92.77 6.37 0.30 
Hellhole Pendleton, WV 0.19 0.62 80.39 18.77 0.02 
Coach Edmonson, KY 0.19 1.71 50.54 47.22 0.34 
Long Edmonson, KY 0.26 1.50 64.51 33.44 0.28 
Line Fork Letcher, KY 0.03 1.52 97.95 0.51 0.0 
Onyx Crawford, MO 1.61 0.33 82.41 15.14 0.52 
Copper Hollow Sink Franklin, MO 0.56 5.30 79.01 14.88 0.26 
Brooks Pulaski, MO 0.81 9.80 79.77 9.17 0.46 
Ryden Pulaski, MO 0.75 0.13 89.75 8.72 0.66 
Horsethief Madison, AR 0.86 0.18 60.07 37.93 0.96 
Cave Mountain Newton, AR 0.42 0.13 90.28 8.85 0.31 
Edgeman Newton, AR 0.47 0.02 90.86 8.19 0.46 
Horseshoe Newton, AR 0.63 0.83 88.17 10.10 0.26 
Unimin - Mine 30 Alexander, IL 0.40 0.19 71.39 25.18 2.84 
Griffith Hardin, IL 8.82 1.42 48.88 36.59 4.28 
Gutherie Hardin, IL 8.70 1.42 49.21 36.45 4.22 
Toothless Jackson, IL 1.93 0.19 53.43 21.59 22.87 
Blackball Mine LaSalle, IL 4.45 9.77 18.07 62.25 5.46 
Ellis Pope, IL 2.80 0.34 68.83 25.52 2.51 
Parker's Pit Harrison, IN 2.42 0.53 68.03 28.83 0.19 
B&O Breckinridge, KY 0.08 1.13 50.38 48.40 0.01 
Norton Valley Breckinridge, KY 0.04 0.49 62.47 36.87 0.13 
Table 60.  continued. 
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Thornhill Breckinridge, KY 0.07 0.41 55.53 43.99 0.0 
Laurel Carter, KY 0.10 1.55 91.36 6.99 0.0 
Saltpeter Carter, KY 0.10 1.53 91.41 6.95 0.0 
Colossal Edmonson, KY 0.65 0.36 91.97 7.0 0.02 
Jesse James Edmonson, KY 0.19 1.77 49.40 48.32 0.32 
Morton Estill, KY 0.03 0.32 98.94 0.71 0.0 
Frenchman's Knob Pit Hart, KY 0.09 1.76 73.01 25.05 0.08 
Wind Jackson, KY 0.02 0.26 98.22 1.42 0.08 
Cave Hollow Lee, KY 0.84 0.35 96.99 1.66 0.16 
Stillhouse Lee, KY 0.56 0.34 97.25 1.68 0.17 
Green Letcher, KY 0.05 0.42 99.16 0.37 0.0 
Little Amos Menifee, KY 0.01 0.30 96.85 2.84 0.0 
Smokehole Rockcastle, KY 0.01 0.18 95.58 4.22 0.01 
Waterfall Rockcastle, KY 0.02 0.81 96.43 2.70 0.04 
Bear Franklin, MO 0.57 5.60 77.66 15.93 0.24 
Great Spirit Pulaski, MO 0.53 2.80 80.75 15.74 0.18 
Tunnel Pulaski, MO 1.88 1.54 68.26 27.36 0.96 
Cookstove Shannon, MO 0.55 0.03 98.50 0.74 0.17 
Martin # 1 Shannon, MO 0.92 0.03 94.29 4.44 0.32 
Mose Prater Shannon, MO 0.78 0.04 94.60 4.24 0.34 
Powder Mill Shannon, MO 0.85 0.03 96.83 1.96 0.32 
Hamilton Washington, MO 1.50 0.81 88.56 8.74 0.39 
Scotia Hollow Washington, MO 1.82 0.28 85.18 12.25 0.46 
Barton Hill Mine Essex, NY 4.45 2.0 89.91 3.63 0.0 
Glen Park Cave Jefferson, NY 0.95 11.66 32.20 52.37 2.82 
Jamesville Quarry 
Cave 
Onondaga, NY 1.0 31.59 43.61 23.12 0.68 
Williams Lake Mine Ulster, NY 2.20 8.98 74.40 12.76 1.67 
Lewisburg Limestone 
Mine 
Preble, OH 0.10 1.40 7.60 90.68 0.22 
Canoe Creek Mine Blair, PA 0.71 1.85 72.41 24.92 0.12 
Penns Cave Centre, PA 0.12 0.83 51.19 47.56 0.31 
New Mammoth Cave Campbell, TN 0.04 1.12 94.67 4.17 0.0 
Wolf River Cave Fentress, TN 0.10 0.53 91.60 7.45 0.32 
Pearson Cave Hawkins, TN 0.28 0.09 91.84 7.76 0.02 
Bellamy Montgomery, TN 1.04 5.76 64.52 28.43 0.25 
Cumberland Gap 
Saltpeter 
Lee, VA 0.33 5.58 80.32 13.65 0.11 
Higgenbotham No 1 Tazewell, VA 0.06 0.27 56.72 42.90 0.04 
Rocky Hollow Cave Wise, VA 0.22 5.04 90.26 4.37 0.11 
Trout Pendleton, WV 0.23 0.43 82.13 17.19 0.03 
Table 60.  continued. 
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Fern Jackson, AL 0.30 2.72 71.07 24.61 1.31 
Sauta Jackson, AL 12.91 1.90 58.93 22.95 3.32 
War Eagle Cavern Benton, AR 17.83 0.30 66.16 15.53 0.18 
Rosson Hollow 
Crevices 
Franklin, AR 0.79 1.17 94.69 3.26 0.08 
Hankins 
Independence, 
AR 
0.08 0.51 81.93 17.48 0.0 
Corkscrew Newton, AR 0.80 0.30 73.77 24.92 0.20 
Fitton Newton, AR 0.13 0.20 93.22 6.17 0.28 
Wolf Creek Newton, AR 0.13 0.20 93.22 6.17 0.28 
Amphitheatre Stone, AR 0.41 0.17 95.86 3.45 0.11 
Barkshed Saltpetre Stone, AR 0.16 0.17 96.54 3.01 0.11 
Biology Stone, AR 0.69 0.17 95.08 3.92 0.15 
Gustafson Stone, AR 1.40 0.18 92.41 5.81 0.19 
Hidden Springs Stone, AR 0.35 0.17 96.14 3.23 0.11 
Rowland Stone, AR 0.39 0.24 92.40 6.78 0.20 
Roxbury Iron Mine Litchfield, CT 1.84 11.21 66.77 17.05 3.13 
Mine 26 Alexander, IL 0.08 0.53 57.67 37.38 4.34 
Cave Spring Hardin, IL 6.86 1.32 57.19 30.43 4.20 
Brainerd Jersey, IL 14.93 0.88 35.59 32.89 15.70 
Fogelpole Monroe, IL 0.44 0.41 31.81 66.43 0.92 
Brasher Pope, IL 6.53 0.08 52.24 36.23 4.91 
Barney Grace Mine Union, IL 1.47 0.30 63.98 30.34 3.91 
Jason Mine Union, IL 1.62 0.36 54.0 36.70 7.32 
Robinson Ladder Crawford, IN 0.22 1.18 46.98 51.50 0.13 
Saltpeter-Crawford Crawford, IN 2.91 0.66 71.27 25.05 0.10 
Wildcat Crawford, IN 2.92 0.67 70.57 25.74 0.10 
Sexton Spring Greene, IN 0.04 0.13 59.28 40.49 0.06 
Binkley Harrison, IN 0.11 2.17 28.76 68.87 0.11 
Swinney Harrison, IN 0.13 2.19 44.28 53.21 0.19 
Wallier Harrison, IN 6.50 3.14 60.10 25.02 5.23 
Gypsy Bill Allen Martin, IN 0.08 0.02 81.07 18.59 0.24 
Buckner Monroe, IN 0.07 4.86 50.59 44.44 0.04 
King Blair/Brinegar Monroe, IN 0.07 4.26 52.05 43.57 0.05 
Leonard Spring Monroe, IN 0.09 10.12 40.63 48.98 0.18 
Salamander Monroe, IN 0.07 6.38 46.39 47.13 0.03 
Saltpeter-Monroe Monroe, IN 0.10 11.51 39.47 48.84 0.08 
Endless Washington, IN 0.44 0.30 35.84 63.31 0.12 
Panther/Neyman Washington, IN 0.57 0.32 38.53 60.52 0.05 
River Washington, IN 0.43 0.30 35.77 63.40 0.12 
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Indian Barren, KY 0.12 3.22 58.40 38.23 0.02 
Big Bat Breckinridge, KY 0.02 0.55 54.72 44.71 0.0 
Buzzard Breckinridge, KY 0.05 0.97 57.50 41.40 0.07 
Penitentiary Breckinridge, KY 0.05 0.98 57.41 41.48 0.07 
Carter City Caves Carter, KY 0.08 0.75 94.09 5.08 0.0 
Cascade Carter, KY 0.10 1.87 91.45 6.59 0.0 
Bob Overton Christian, KY 0.39 0.40 63.91 32.57 2.73 
Bat Edmonson, KY 0.82 0.70 82.25 15.39 0.83 
Beckner's Saltpeter Edmonson, KY 0.23 1.65 45.58 50.94 1.60 
Mammoth Cave Edmonson, KY 0.70 0.21 93.45 5.61 0.02 
Prairie Hall Estill, KY 0.03 0.39 98.76 0.82 0.0 
Wilson Hart, KY 0.57 0.39 85.02 13.87 0.14 
Bowman Saltpeter Jackson, KY 0.36 0.46 92.49 6.69 0.0 
Cedar Post Jackson, KY 0.02 0.39 97.18 2.33 0.08 
John Henry Jackson, KY 0.32 0.60 92.14 6.94 0.0 
Misty Jackson, KY 0.01 0.35 98.08 1.56 0.0 
String Jackson, KY 0.01 0.19 97.53 2.28 0.0 
War Fork Jackson, KY 0.02 0.52 97.77 1.61 0.08 
Armine Branch Lee, KY 0.98 0.29 96.39 2.21 0.13 
Ash Lee, KY 0.47 0.40 97.34 1.64 0.16 
Bus Stop Lee, KY 0.37 0.41 97.91 1.15 0.16 
Sparkle Lee, KY 1.38 0.36 96.51 1.73 0.01 
Crystal Letcher, KY 0.03 1.50 97.96 0.49 0.02 
Shaw Hill Bat Livingston, KY 8.83 1.53 43.16 40.90 5.58 
Cave Branch Menifee, KY 0.01 0.25 97.54 2.20 0.0 
Hall Sink Menifee, KY 0.01 0.30 96.98 2.71 0.0 
Well Menifee, KY 0.01 0.28 97.52 2.19 0.0 
Minton Hollow Pulaski, KY 3.08 0.99 95.07 0.86 0.0 
South Goldson Pulaski, KY 3.44 0.65 94.89 1.02 0.0 
Climax Rockcastle, KY 0.03 0.30 91.20 8.45 0.01 
Goochland Rockcastle, KY 0.01 0.31 94.57 5.10 0.01 
Humongous Canyon Rockcastle, KY 0.06 0.55 97.73 1.65 0.01 
Sinks of Roundstone Rockcastle, KY 0.09 1.05 97.47 1.37 0.02 
Twin Springs Rockcastle, KY 0.04 0.88 96.76 2.29 0.04 
Big Sulphur Trigg, KY 0.52 2.34 21.31 69.68 6.14 
Cool Springs Trigg, KY 0.57 1.59 20.29 76.63 0.92 
Limestone Whitley, KY 0.10 1.42 94.39 3.21 0.87 
Chester Emery Mine Hampden, MA 4.99 59.56 21.13 8.84 5.48 
Devil's Icebox Boone, MO 1.43 8.80 41.80 46.39 1.58 
Rocheport Boone, MO 3.74 1.81 32.36 58.29 3.81 
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Carroll Camden, MO 1.07 0.10 54.90 43.43 0.50 
River Camden, MO 3.52 3.99 79.75 12.12 0.62 
Toby Camden, MO 2.67 0.63 85.67 9.35 1.67 
Panther Spring Carter, MO 1.02 0.02 93.34 3.58 2.05 
Bat Crawford, MO 1.21 0.05 87.04 10.52 1.18 
Saloon Crawford, MO 1.33 0.17 85.51 11.84 1.15 
Watson Dent, MO 0.73 0.01 83.32 15.40 0.55 
Mushroom Franklin, MO 0.58 5.54 78.91 14.66 0.31 
Cave Hollow Iron, MO 1.57 0.11 93.52 4.39 0.42 
Coffin Laclede, MO 0.94 1.05 83.62 13.54 0.84 
Mary Lawson Laclede, MO 1.62 4.02 79.27 14.29 0.79 
Slaven Laclede, MO 2.06 5.74 80.54 10.49 1.17 
Bruce Pulaski, MO 1.77 0.47 75.04 22.10 0.62 
Davis Cave No. 2 Pulaski, MO 0.94 0.52 87.01 10.97 0.57 
Joy Pulaski, MO 0.80 0.66 88.47 9.62 0.46 
Knife Pulaski, MO 0.96 0.32 84.54 13.58 0.60 
Onyx Pulaski, MO 2.11 0.80 76.41 19.93 0.75 
Piquet Pulaski, MO 0.94 1.17 68.75 28.89 0.25 
Marvel Shannon, MO 0.86 0.03 97.15 1.67 0.30 
Tyson Quarry St. Louis, MO 1.21 35.65 49.32 13.11 0.71 
Dunvin Texas, MO 0.60 0.02 76.46 22.40 0.52 
Smittle Wright, MO 0.46 0.21 58.90 40.07 0.37 
Hibernia Mine Morris, NJ 5.58 17.07 68.93 2.43 6.0 
Taylor Mine Morris, NJ 5.30 21.36 65.62 2.22 5.51 
Lawrenceville Mine Ulster, NY 2.10 4.91 76.80 14.14 2.04 
Bennet Hill - 
Hitchcock Mine 
Warren, NY 5.30 0.03 93.92 0.74 0.0 
Main Graphite Mine Warren, NY 6.89 0.21 92.55 0.35 0.01 
Ironton Mine Lawrence, OH 0.76 0.55 89.38 9.26 0.06 
Long Run Mine Armstrong, PA 0.0 2.54 58.93 38.53 0.0 
Hipple Cave Bedford, PA 0.08 0.33 45.99 53.39 0.21 
Sharer Cave Centre, PA 0.16 2.11 42.12 55.30 0.32 
Aitkin Cave Mifflin, PA 0.10 1.17 74.71 23.82 0.19 
S Penn RR Tunnel - 
Allegheny  Mtn 
Somerset, PA 0.45 2.33 70.61 25.54 1.07 
Bull Cave Blount, TN 0.02 0.53 91.20 7.62 0.63 
Zarathustra Cave Fentress, TN 0.05 1.16 92.08 6.72 0.0 
Indian Cave Grainger, TN 2.02 0.56 51.20 46.10 0.12 
Blue Spring Cave Montgomery, TN 1.04 1.06 55.30 42.03 0.57 
Coleman Cave Montgomery, TN 1.31 5.52 65.55 27.33 0.29 
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148 
 
Hibernaculum Name County, State water developed forest agriculture wetland 
Alexander Cave Perry, TN 1.47 0.97 83.91 13.57 0.08 
Tobaccoport Cave Stewart, TN 10.88 0.82 78.35 8.89 1.05 
Clark's Cave Bath, VA 0.44 0.14 86.84 12.32 0.26 
Starr Chapel 
Saltpeter 
Bath, VA 1.0 0.84 93.19 4.90 0.06 
Newberry -Bane Bland, VA 0.05 0.17 77.26 22.49 0.03 
Hupman's Saltpeter Highland, VA 0.21 0.45 88.23 10.94 0.17 
Grassy Springs Cave Lee, VA 0.17 2.85 80.82 16.09 0.08 
Aeolus Bat Cave Bennington , VT 0.22 4.14 80.47 13.86 1.30 
Skinner Hollow Bennington , VT 0.10 3.90 82.75 11.69 1.55 
Brandon Silver Mine Rutland, VT 1.56 2.99 74.32 16.93 4.21 
Nickwackett Rutland, VT 1.20 2.71 77.28 15.44 3.37 
Plymouth Windsor, VT 0.61 1.16 93.29 4.54 0.39 
Piercys Greenbrier, WV 0.10 1.37 64.77 33.35 0.42 
Greenville Saltpeter Monroe, WV 0.09 1.07 67.01 31.75 0.07 
Minor Rexrode Pendleton, WV 0.25 0.15 80.54 19.03 0.04 
Marthas Pocahontas, WV 0.74 0.28 75.52 23.14 0.32 
Snedegars Pocahontas, WV 0.80 0.02 79.52 19.46 0.20 
Cornwell Preston, WV 0.91 2.70 75.25 20.95 0.19 
Fortlick Randolph, WV 0.10 0.99 94.23 4.43 0.26 
Izaak Walton Randolph, WV 0.72 0.48 88.55 9.78 0.48 
Stewart Run Randolph, WV 0.12 1.85 95.42 2.46 0.14 
Arbogast/Cave 
Hollow 
Tucker, WV 0.72 0.58 93.11 5.29 0.29 
Big Springs Tucker, WV 1.12 0.79 94.94 2.87 0.28 
Armstrong Lawrence, AL 0.15 1.11 75.08 20.67 2.99 
Chimney Rock Barry, MO 0.15 0.30 80.15 19.33 0.08 
Kelley Ridge Cave Blount, TN 0.03 0.60 90.54 8.25 0.58 
Cobb Creek Saltpeter 
Cave 
Fentress, TN 0.04 1.16 91.06 7.75 0.0 
Dragon's Breath Cave Fentress, TN 0.04 1.06 93.10 5.80 0.0 
Nickajack Cave Marion, TN 9.26 1.70 66.49 19.38 3.17 
Camps Gulf Cave Van Buren, TN 0.04 1.68 92.82 5.33 0.13 
Wind Wayne, KY 0.0 0.39 95.74 3.87 0.0 
Bull Mine Orange, NY 1.46 16.77 63.23 17.15 1.39 
 
 Table 61.  Land cover proportions for the landscape within 4.025 km of Indiana bat hibernacula 
entrances for 2001. 
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Unimin - Magazine 
Mine 
Alexander, IL 0.13 6.06 75.77 17.96 0.07 
Batwing Crawford, IN 0.08 6.40 46.98 46.37 0.17 
Wyandotte Crawford, IN 0.07 3.65 87.12 8.37 0.78 
Ray's Greene, IN 0.02 3.30 45.69 50.92 0.07 
Jug Hole Harrison, IN 3.12 0.99 81.59 14.04 0.26 
Twin Domes Harrison, IN 0.16 3.61 65.78 29.95 0.50 
Coon Monroe, IN 0.03 4.43 58.83 36.69 0.02 
Grotto Monroe, IN 0.06 7.76 53.95 38.22 0.01 
Bat (Carter Caves SRP) Carter, KY 0.27 7.58 70.02 22.13 0.0 
Dixon Edmonson, KY 0.97 0.60 96.16 0.03 2.23 
Pilot Knob Mine Iron, MO 0.27 15.74 62.88 19.55 1.56 
Great Scott Washington, MO 0.11 3.17 92.07 4.08 0.58 
Walter Williams 
Preserve Mine 
Ulster, NY 2.26 16.02 55.20 9.13 17.40 
Williams Hotel Mine Ulster, NY 2.96 15.65 56.79 8.90 15.70 
White Oak Blowhole Blount, TN 0.0 2.89 91.12 6.0 0.0 
Hellhole Pendleton, WV 0.24 5.66 65.98 28.12 0.0 
Coach Edmonson, KY 0.03 7.83 49.58 42.55 0.01 
Long Edmonson, KY 0.03 2.52 80.75 16.70 0.01 
Line Fork Letcher, KY 0.02 11.90 84.03 4.06 0.0 
Onyx Crawford, MO 0.93 3.57 77.89 16.18 1.43 
Copper Hollow Sink Franklin, MO 1.09 6.0 79.84 12.46 0.61 
Brooks Pulaski, MO 0.36 18.82 69.48 11.19 0.15 
Ryden Pulaski, MO 0.65 3.19 82.49 12.20 1.47 
Horsethief Madison, AR 0.0 3.91 45.42 49.53 1.15 
Cave Mountain Newton, AR 0.04 3.07 80.28 15.77 0.84 
Edgeman Newton, AR 0.0 3.51 81.48 14.25 0.76 
Horseshoe Newton, AR 0.08 5.63 78.64 15.01 0.64 
Unimin - Mine 30 Alexander, IL 0.03 4.87 84.21 10.85 0.04 
Griffith Hardin, IL 8.45 12.64 43.08 30.78 5.05 
Gutherie Hardin, IL 8.08 12.35 43.91 30.99 4.66 
Toothless Jackson, IL 1.87 3.79 68.49 9.90 15.96 
Blackball Mine LaSalle, IL 6.86 28.66 10.73 43.77 9.98 
Ellis Pope, IL 0.31 4.58 73.11 19.78 2.22 
Parker's Pit Harrison, IN 0.09 2.20 79.72 17.44 0.55 
B&O Breckinridge, KY 0.07 4.34 44.65 50.94 0.0 
Norton Valley Breckinridge, KY 0.01 2.77 68.52 28.57 0.13 
Table 61.  continued. 
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Thornhill Breckinridge, KY 0.02 3.68 51.39 44.91 0.0 
Laurel Carter, KY 0.27 7.28 71.82 20.64 0.0 
Saltpeter Carter, KY 0.27 7.55 70.0 22.18 0.0 
Colossal Edmonson, KY 0.66 0.86 94.28 2.69 1.52 
Jesse James Edmonson, KY 0.04 8.23 46.84 44.89 0.0 
Morton Estill, KY 0.05 7.43 86.41 6.09 0.01 
Frenchman's Knob Pit Hart, KY 0.01 5.52 75.68 18.79 0.0 
Wind Jackson, KY 0.0 4.72 89.36 5.68 0.25 
Cave Hollow Lee, KY 0.42 7.62 80.76 11.12 0.08 
Stillhouse Lee, KY 0.29 7.11 83.57 8.94 0.09 
Green Letcher, KY 0.0 7.53 88.55 3.93 0.0 
Little Amos Menifee, KY 0.05 5.58 83.66 10.70 0.01 
Smokehole Rockcastle, KY 0.0 6.35 81.70 11.95 0.0 
Waterfall Rockcastle, KY 0.01 7.03 82.67 10.27 0.02 
Bear Franklin, MO 1.01 8.68 77.99 11.78 0.54 
Great Spirit Pulaski, MO 0.0 7.42 67.20 24.66 0.72 
Tunnel Pulaski, MO 1.59 5.20 56.23 34.81 2.17 
Cookstove Shannon, MO 0.0 2.58 96.86 0.52 0.05 
Martin # 1 Shannon, MO 1.01 2.95 93.14 1.70 1.19 
Mose Prater Shannon, MO 0.21 4.07 89.47 3.82 2.43 
Powder Mill Shannon, MO 0.71 3.13 93.60 1.25 1.32 
Hamilton Washington, MO 0.72 3.52 84.64 10.39 0.73 
Scotia Hollow Washington, MO 1.13 6.10 84.12 8.36 0.30 
Barton Hill Mine Essex, NY 2.05 6.20 81.73 3.01 7.02 
Glen Park Cave Jefferson, NY 0.90 26.18 13.48 45.37 14.06 
Jamesville Quarry Cave Onondaga, NY 1.52 48.21 33.18 13.57 3.52 
Williams Lake Mine Ulster, NY 3.15 15.70 58.26 7.46 15.42 
Lewisburg Limestone 
Mine 
Preble, OH 0.15 12.37 6.42 80.73 0.33 
Canoe Creek Mine Blair, PA 1.46 7.74 68.33 22.35 0.12 
Penns Cave Centre, PA 0.10 4.70 50.40 44.43 0.37 
New Mammoth Cave Campbell, TN 0.03 8.39 76.13 15.11 0.34 
Wolf River Cave Fentress, TN 0.01 4.89 77.32 17.74 0.04 
Pearson Cave Hawkins, TN 1.28 6.73 71.69 20.21 0.08 
Bellamy Montgomery, TN 0.0 5.04 59.85 34.97 0.14 
Cumberland Gap 
Saltpeter 
Lee, VA 0.0 12.60 73.97 13.43 0.0 
Higgenbotham No 1 Tazewell, VA 0.0 2.04 51.34 46.56 0.06 
Rocky Hollow Cave Wise, VA 0.27 9.94 78.08 11.71 0.0 
Trout Pendleton, WV 0.47 5.40 76.04 18.07 0.01 
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Fern Jackson, AL 0.42 3.90 66.24 27.57 1.87 
Sauta Jackson, AL 12.52 4.15 47.55 28.68 7.09 
War Eagle Cavern Benton, AR 11.71 4.95 76.25 6.99 0.09 
Rosson Hollow 
Crevices 
Franklin, AR 0.53 4.01 91.76 3.33 0.38 
Hankins 
Independence, 
AR 
0.0 4.55 72.11 23.34 0.0 
Corkscrew Newton, AR 0.02 4.90 73.96 21.10 0.02 
Fitton Newton, AR 0.03 2.55 89.52 7.75 0.15 
Wolf Creek Newton, AR 0.03 2.55 89.52 7.75 0.15 
Amphitheatre Stone, AR 0.01 3.0 94.51 2.23 0.24 
Barkshed Saltpetre Stone, AR 0.10 2.86 93.81 2.76 0.47 
Biology Stone, AR 0.01 3.16 95.01 1.81 0.01 
Gustafson Stone, AR 0.03 3.06 92.18 4.72 0.01 
Hidden Springs Stone, AR 0.01 3.18 94.55 2.01 0.24 
Rowland Stone, AR 0.09 4.74 85.01 9.84 0.32 
Roxbury Iron Mine Litchfield, CT 0.27 12.44 66.01 16.78 4.51 
Mine 26 Alexander, IL 0.06 6.15 69.57 23.86 0.35 
Cave Spring Hardin, IL 3.60 7.54 54.69 29.43 4.73 
Brainerd Jersey, IL 21.0 6.77 41.72 11.76 18.75 
Fogelpole Monroe, IL 0.23 4.54 20.67 74.35 0.22 
Brasher Pope, IL 1.92 2.32 74.95 18.45 2.36 
Barney Grace Mine Union, IL 0.17 5.21 77.86 16.66 0.10 
Jason Mine Union, IL 0.94 5.72 64.60 27.98 0.76 
Robinson Ladder Crawford, IN 0.03 2.97 57.39 39.57 0.04 
Saltpeter-Crawford Crawford, IN 0.10 3.92 86.05 9.17 0.76 
Wildcat Crawford, IN 0.07 4.04 84.34 10.87 0.68 
Sexton Spring Greene, IN 0.04 2.49 51.48 45.94 0.06 
Binkley Harrison, IN 0.34 13.96 20.68 64.96 0.07 
Swinney Harrison, IN 0.10 4.58 42.72 52.55 0.05 
Wallier Harrison, IN 12.27 2.19 63.49 20.98 1.07 
Gypsy Bill Allen Martin, IN 0.0 1.80 89.96 8.22 0.01 
Buckner Monroe, IN 0.01 5.93 53.46 40.58 0.02 
King Blair/Brinegar Monroe, IN 0.03 4.95 55.06 39.94 0.02 
Leonard Spring Monroe, IN 0.0 10.57 38.0 51.35 0.08 
Salamander Monroe, IN 0.06 8.18 52.57 39.18 0.01 
Saltpeter-Monroe Monroe, IN 0.06 13.36 37.25 49.31 0.02 
Endless Washington, IN 0.38 3.90 36.86 58.79 0.06 
Panther/Neyman Washington, IN 0.38 2.80 45.66 51.10 0.06 
River Washington, IN 0.38 3.94 36.85 58.77 0.06 
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Indian Barren, KY 0.09 7.01 61.92 30.98 0.0 
Big Bat Breckinridge, KY 0.01 6.02 35.11 58.85 0.0 
Buzzard Breckinridge, KY 0.02 3.22 50.95 45.74 0.06 
Penitentiary Breckinridge, KY 0.02 3.25 50.45 46.22 0.06 
Carter City Caves Carter, KY 0.0 8.17 67.55 24.27 0.0 
Cascade Carter, KY 0.26 9.14 67.77 22.82 0.0 
Bob Overton Christian, KY 0.46 1.67 74.20 23.27 0.40 
Bat Edmonson, KY 1.23 0.55 88.79 6.12 3.32 
Beckner's Saltpeter Edmonson, KY 0.06 5.29 32.47 62.18 0.01 
Mammoth Cave Edmonson, KY 0.89 0.62 96.40 0.03 2.07 
Prairie Hall Estill, KY 0.05 7.77 85.90 6.27 0.01 
Wilson Hart, KY 1.01 1.01 87.83 8.47 1.68 
Bowman Saltpeter Jackson, KY 0.01 7.53 62.35 30.10 0.0 
Cedar Post Jackson, KY 0.01 4.83 86.35 8.78 0.03 
John Henry Jackson, KY 0.01 7.11 67.17 25.71 0.0 
Misty Jackson, KY 0.01 5.18 88.09 6.72 0.0 
String Jackson, KY 0.0 4.77 89.56 5.67 0.0 
War Fork Jackson, KY 0.01 4.88 87.12 7.79 0.19 
Armine Branch Lee, KY 0.71 7.73 79.96 11.50 0.10 
Ash Lee, KY 0.12 7.84 81.69 10.0 0.34 
Bus Stop Lee, KY 0.05 5.92 88.49 5.26 0.28 
Sparkle Lee, KY 2.22 5.88 82.53 9.29 0.07 
Crystal Letcher, KY 0.02 7.28 89.12 3.59 0.0 
Shaw Hill Bat Livingston, KY 9.19 7.09 30.09 45.38 8.25 
Cave Branch Menifee, KY 0.0 3.94 91.72 4.32 0.01 
Hall Sink Menifee, KY 0.04 4.79 84.65 10.50 0.01 
Well Menifee, KY 0.01 4.17 90.17 5.63 0.02 
Minton Hollow Pulaski, KY 1.26 7.45 85.77 5.50 0.01 
South Goldson Pulaski, KY 4.28 5.31 87.09 3.31 0.01 
Climax Rockcastle, KY 0.0 6.98 67.46 25.55 0.0 
Goochland Rockcastle, KY 0.0 5.88 78.92 15.20 0.0 
Humongous Canyon Rockcastle, KY 0.01 5.24 85.63 9.10 0.02 
Sinks of Roundstone Rockcastle, KY 0.02 7.75 79.04 13.17 0.02 
Twin Springs Rockcastle, KY 0.01 7.12 81.90 10.96 0.02 
Big Sulphur Trigg, KY 0.12 4.30 8.67 79.19 7.72 
Cool Springs Trigg, KY 0.09 7.68 16.96 74.23 1.04 
Limestone Whitley, KY 0.08 3.74 89.29 6.88 0.0 
Chester Emery Mine Hampden, MA 8.0 70.51 13.12 4.50 3.87 
Devil's Icebox Boone, MO 0.66 13.36 36.88 47.65 1.45 
Rocheport Boone, MO 6.34 4.72 10.56 75.44 2.94 
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Carroll Camden, MO 1.58 3.47 48.83 45.23 0.89 
River Camden, MO 5.14 13.92 71.36 8.61 0.97 
Toby Camden, MO 0.09 3.54 75.12 19.23 2.02 
Panther Spring Carter, MO 1.34 1.47 87.85 4.90 4.44 
Bat Crawford, MO 0.48 3.51 82.59 9.95 3.46 
Saloon Crawford, MO 1.21 3.91 82.68 10.22 1.99 
Watson Dent, MO 0.68 2.11 80.04 16.09 1.08 
Mushroom Franklin, MO 0.89 6.17 81.92 10.45 0.57 
Cave Hollow Iron, MO 1.97 7.03 88.47 2.14 0.38 
Coffin Laclede, MO 0.56 5.15 77.26 15.14 1.88 
Mary Lawson Laclede, MO 0.10 12.42 75.49 11.51 0.48 
Slaven Laclede, MO 1.50 7.71 76.57 12.60 1.62 
Bruce Pulaski, MO 1.54 5.99 56.07 35.44 0.95 
Davis Cave No. 2 Pulaski, MO 0.04 4.58 88.51 6.13 0.73 
Joy Pulaski, MO 0.03 4.43 88.91 5.84 0.79 
Knife Pulaski, MO 0.05 4.56 81.20 13.58 0.61 
Onyx Pulaski, MO 1.28 7.99 67.27 22.51 0.95 
Piquet Pulaski, MO 0.10 3.08 68.73 27.60 0.48 
Marvel Shannon, MO 0.89 2.56 93.96 1.18 1.41 
Tyson Quarry St. Louis, MO 2.74 17.44 62.62 14.53 2.67 
Dunvin Texas, MO 0.36 3.96 73.26 21.66 0.76 
Smittle Wright, MO 0.01 3.94 56.39 39.46 0.20 
Hibernia Mine Morris, NJ 5.36 17.57 65.54 2.19 9.34 
Taylor Mine Morris, NJ 3.67 39.61 46.05 2.14 8.53 
Lawrenceville Mine Ulster, NY 1.19 17.54 50.58 14.04 16.65 
Bennet Hill - Hitchcock 
Mine 
Warren, NY 3.60 1.67 86.66 0.69 7.38 
Main Graphite Mine Warren, NY 1.76 1.63 94.19 0.41 2.0 
Ironton Mine Lawrence, OH 0.38 6.44 81.36 11.62 0.20 
Long Run Mine Armstrong, PA 0.04 6.81 59.71 33.39 0.06 
Hipple Cave Bedford, PA 0.13 7.02 39.50 53.30 0.05 
Sharer Cave Centre, PA 0.01 8.31 50.19 41.30 0.18 
Aitkin Cave Mifflin, PA 0.03 5.12 58.98 35.75 0.12 
S Penn RR Tunnel - 
Allegheny  Mtn 
Somerset, PA 0.13 7.50 76.30 15.69 0.39 
Bull Cave Blount, TN 0.03 3.59 90.05 6.32 0.01 
Zarathustra Cave Fentress, TN 0.21 4.74 78.57 16.47 0.01 
Indian Cave Grainger, TN 3.94 7.01 25.48 63.42 0.14 
Blue Spring Cave Montgomery, TN 0.04 6.41 49.29 43.99 0.26 
Coleman Cave Montgomery, TN 0.01 8.14 60.66 31.08 0.11 
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Alexander Cave Perry, TN 1.36 1.75 80.42 16.04 0.43 
Tobaccoport Cave Stewart, TN 16.62 0.63 72.59 5.32 4.84 
Clark's Cave Bath, VA 0.82 3.31 74.89 20.64 0.35 
Starr Chapel Saltpeter Bath, VA 0.09 5.14 90.39 4.32 0.07 
Newberry -Bane Bland, VA 0.0 2.86 62.58 34.48 0.08 
Hupman's Saltpeter Highland, VA 0.22 2.57 83.22 13.93 0.05 
Grassy Springs Cave Lee, VA 0.02 7.22 67.21 25.54 0.01 
Aeolus Bat Cave Bennington , VT 0.08 7.83 71.83 16.96 3.30 
Skinner Hollow Bennington , VT 0.30 5.58 83.71 8.92 1.50 
Brandon Silver Mine Rutland, VT 0.38 3.09 77.31 13.40 5.81 
Nickwackett Rutland, VT 0.37 2.27 82.75 11.05 3.57 
Plymouth Windsor, VT 0.08 1.54 92.70 2.26 3.41 
Piercys Greenbrier, WV 0.02 6.36 61.10 32.44 0.09 
Greenville Saltpeter Monroe, WV 0.02 6.73 56.36 36.85 0.04 
Minor Rexrode Pendleton, WV 0.08 4.10 74.87 20.94 0.01 
Marthas Pocahontas, WV 0.60 6.86 50.28 41.91 0.35 
Snedegars Pocahontas, WV 0.02 5.65 76.31 17.92 0.10 
Cornwell Preston, WV 1.86 7.03 71.10 19.75 0.26 
Fortlick Randolph, WV 0.06 2.42 96.33 1.18 0.01 
Izaak Walton Randolph, WV 0.01 1.22 96.59 1.79 0.38 
Stewart Run Randolph, WV 0.05 4.07 95.12 0.76 0.0 
Arbogast/Cave Hollow Tucker, WV 1.49 3.75 89.87 4.52 0.37 
Big Springs Tucker, WV 0.48 2.94 95.24 1.34 0.01 
Armstrong Lawrence, AL 0.04 3.52 89.74 6.07 0.63 
Chimney Rock Barry, MO 0.0 3.37 82.99 13.62 0.02 
Kelley Ridge Cave Blount, TN 0.04 5.72 85.79 8.31 0.15 
Cobb Creek Saltpetre 
Cave 
Fentress, TN 0.14 6.75 77.28 15.83 0.01 
Dragon's Breath Cave Fentress, TN 0.25 2.40 86.37 10.97 0.01 
Nickajack Cave Marion, TN 15.42 5.92 56.64 21.61 0.42 
Camps Gulf Cave Van Buren, TN 0.02 4.74 86.56 8.47 0.21 
Wind Wayne, KY 0.0 4.66 89.76 5.58 0.0 
Bull Mine Orange, NY 0.63 23.19 47.72 14.76 13.70 
 
 Table 62.  Land cover proportions for the landscape within 8.05 km of Indiana bat hibernacula 
entrances for 2001. 
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Unimin - Magazine 
Mine 
Alexander, IL 0.23 5.99 58.94 33.50 1.34 
Batwing Crawford, IN 0.07 5.05 51.84 42.95 0.09 
Wyandotte Crawford, IN 2.85 3.58 68.21 24.98 0.38 
Ray's Greene, IN 0.13 2.92 56.44 40.40 0.11 
Jug Hole Harrison, IN 4.82 2.08 63.39 29.20 0.51 
Twin Domes Harrison, IN 0.11 3.54 63.34 32.70 0.30 
Coon Monroe, IN 0.09 9.28 48.36 42.24 0.04 
Grotto Monroe, IN 0.07 11.64 44.78 43.48 0.03 
Bat (Carter Caves SRP) Carter, KY 0.07 9.12 64.40 26.40 0.0 
Dixon Edmonson, KY 0.61 0.82 90.48 6.59 1.50 
Pilot Knob Mine Iron, MO 0.72 7.68 70.98 19.52 1.09 
Great Scott Washington, MO 0.67 4.23 88.67 5.90 0.53 
Walter Williams 
Preserve Mine 
Ulster, NY 1.49 20.36 52.65 12.03 13.47 
Williams Hotel Mine Ulster, NY 1.46 14.63 55.44 13.63 14.83 
White Oak Blowhole Blount, TN 0.02 3.90 87.86 8.10 0.12 
Hellhole Pendleton, WV 0.15 4.17 73.56 22.11 0.01 
Coach Edmonson, KY 0.08 6.57 43.75 49.59 0.01 
Long Edmonson, KY 0.15 5.23 58.76 35.61 0.24 
Line Fork Letcher, KY 0.01 8.68 86.52 4.79 0.0 
Onyx Crawford, MO 0.94 4.22 74.69 19.39 0.76 
Copper Hollow Sink Franklin, MO 0.67 9.88 71.80 17.21 0.45 
Brooks Pulaski, MO 0.42 15.97 72.92 10.14 0.54 
Ryden Pulaski, MO 0.33 3.17 85.21 10.41 0.87 
Horsethief Madison, AR 0.01 5.26 51.59 42.17 0.97 
Cave Mountain Newton, AR 0.03 2.59 84.24 12.77 0.38 
Edgeman Newton, AR 0.02 2.54 85.45 11.45 0.54 
Horseshoe Newton, AR 0.04 3.66 81.49 14.37 0.44 
Unimin - Mine 30 Alexander, IL 0.57 5.46 67.50 23.91 2.57 
Griffith Hardin, IL 7.36 6.69 44.22 36.30 5.43 
Gutherie Hardin, IL 7.33 6.72 44.65 35.98 5.31 
Toothless Jackson, IL 2.03 4.71 50.67 20.63 21.97 
Blackball Mine LaSalle, IL 4.51 24.41 9.69 56.69 4.70 
Ellis Pope, IL 2.65 4.43 65.09 25.42 2.40 
Parker's Pit Harrison, IN 2.12 3.01 65.24 29.21 0.42 
B&O Breckinridge, KY 0.08 5.41 43.31 51.19 0.0 
Norton Valley Breckinridge, KY 0.04 4.18 54.04 41.55 0.19 
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Thornhill Breckinridge, KY 0.03 3.20 47.78 48.99 0.0 
Laurel Carter, KY 0.07 9.10 64.61 26.21 0.0 
Saltpeter Carter, KY 0.07 9.16 64.38 26.38 0.0 
Colossal Edmonson, KY 0.58 1.38 87.86 9.05 1.13 
Jesse James Edmonson, KY 0.08 6.76 42.57 50.58 0.01 
Morton Estill, KY 0.04 6.84 85.24 7.84 0.03 
Frenchman's Knob Pit Hart, KY 0.12 5.01 65.47 29.38 0.03 
Wind Jackson, KY 0.06 4.88 88.43 6.53 0.10 
Cave Hollow Lee, KY 0.91 7.41 80.27 11.20 0.22 
Stillhouse Lee, KY 0.67 7.55 80.76 10.80 0.22 
Green Letcher, KY 0.02 8.47 84.93 6.57 0.0 
Little Amos Menifee, KY 0.02 5.41 84.10 10.47 0.01 
Smokehole Rockcastle, KY 0.0 5.86 80.82 13.32 0.0 
Waterfall Rockcastle, KY 0.01 7.64 79.70 12.64 0.01 
Bear Franklin, MO 0.68 10.25 70.43 18.21 0.43 
Great Spirit Pulaski, MO 0.05 8.92 71.86 18.36 0.81 
Tunnel Pulaski, MO 0.89 6.15 57.16 34.57 1.22 
Cookstove Shannon, MO 0.35 2.54 95.59 0.96 0.56 
Martin # 1 Shannon, MO 0.56 3.02 89.85 5.56 1.01 
Mose Prater Shannon, MO 0.19 2.75 90.90 5.15 1.01 
Powder Mill Shannon, MO 0.58 3.07 93.14 2.55 0.66 
Hamilton Washington, MO 0.81 4.78 82.96 10.88 0.57 
Scotia Hollow Washington, MO 0.98 4.06 78.88 15.36 0.73 
Barton Hill Mine Essex, NY 4.54 4.82 80.92 4.45 5.27 
Glen Park Cave Jefferson, NY 1.38 21.47 13.48 47.45 16.21 
Jamesville Quarry 
Cave 
Onondaga, NY 0.93 43.46 26.76 23.71 5.14 
Williams Lake Mine Ulster, NY 1.47 15.61 54.68 13.54 14.71 
Lewisburg Limestone 
Mine 
Preble, OH 0.18 8.59 4.80 86.28 0.15 
Canoe Creek Mine Blair, PA 0.69 7.92 67.40 23.92 0.07 
Penns Cave Centre, PA 0.09 6.91 48.19 44.58 0.22 
New Mammoth Cave Campbell, TN 0.05 6.20 82.53 10.99 0.23 
Wolf River Cave Fentress, TN 0.09 4.37 83.78 11.74 0.02 
Pearson Cave Hawkins, TN 0.66 6.64 73.97 18.62 0.11 
Bellamy Montgomery, TN 1.0 8.90 54.78 34.08 1.24 
Cumberland Gap 
Saltpeter 
Lee, VA 0.34 14.90 63.01 21.75 0.01 
Higgenbotham No 1 Tazewell, VA 0.01 4.05 48.58 47.31 0.05 
Rocky Hollow Cave Wise, VA 0.24 12.37 75.19 12.20 0.0 
Trout Pendleton, WV 0.21 5.16 75.51 19.10 0.02 
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Fern Jackson, AL 0.23 5.87 63.28 28.0 2.61 
Sauta Jackson, AL 13.25 7.39 48.81 26.64 3.92 
War Eagle Cavern Benton, AR 15.65 4.70 60.81 18.47 0.37 
Rosson Hollow 
Crevices 
Franklin, AR 0.32 3.41 90.57 5.57 0.13 
Hankins 
Independence, 
AR 
0.08 4.42 63.99 31.48 0.03 
Corkscrew Newton, AR 0.07 4.03 66.81 28.94 0.14 
Fitton Newton, AR 0.02 3.05 86.84 9.86 0.23 
Wolf Creek Newton, AR 0.02 3.05 86.84 9.86 0.23 
Amphitheatre Stone, AR 0.35 3.49 91.31 4.67 0.18 
Barkshed Saltpetre Stone, AR 0.05 3.06 92.44 4.27 0.18 
Biology Stone, AR 0.64 3.25 90.28 5.62 0.21 
Gustafson Stone, AR 1.16 3.05 86.84 8.70 0.26 
Hidden Springs Stone, AR 0.27 3.40 91.81 4.33 0.18 
Rowland Stone, AR 0.06 3.75 86.23 9.61 0.35 
Roxbury Iron Mine Litchfield, CT 1.30 18.87 57.40 18.65 3.78 
Mine 26 Alexander, IL 0.15 6.49 53.60 35.13 4.63 
Cave Spring Hardin, IL 6.24 6.34 52.93 30.31 4.17 
Brainerd Jersey, IL 16.62 6.92 30.87 29.33 16.26 
Fogelpole Monroe, IL 0.46 4.92 25.43 68.04 1.15 
Brasher Pope, IL 6.92 2.99 48.11 37.51 4.46 
Barney Grace Mine Union, IL 1.89 5.64 59.42 29.88 3.17 
Jason Mine Union, IL 2.24 6.17 49.85 35.47 6.27 
Robinson Ladder Crawford, IN 0.03 5.35 44.01 50.58 0.03 
Saltpeter-Crawford Crawford, IN 2.57 3.58 68.04 25.43 0.38 
Wildcat Crawford, IN 2.58 3.67 67.31 26.07 0.38 
Sexton Spring Greene, IN 0.06 2.69 55.98 41.20 0.07 
Binkley Harrison, IN 0.17 9.36 25.74 64.70 0.03 
Swinney Harrison, IN 0.15 8.10 41.63 49.94 0.18 
Wallier Harrison, IN 5.97 6.27 57.90 27.58 2.28 
Gypsy Bill Allen Martin, IN 0.13 2.57 77.38 19.76 0.16 
Buckner Monroe, IN 0.06 9.71 48.15 42.05 0.03 
King Blair/Brinegar Monroe, IN 0.06 8.83 49.58 41.49 0.04 
Leonard Spring Monroe, IN 0.08 16.12 37.63 46.02 0.15 
Salamander Monroe, IN 0.07 12.05 44.12 43.74 0.03 
Saltpeter-Monroe Monroe, IN 0.08 18.12 36.83 44.91 0.06 
Endless Washington, IN 0.46 4.65 33.01 61.78 0.10 
Panther/Neyman Washington, IN 0.59 4.65 35.81 58.90 0.05 
River Washington, IN 0.44 4.68 32.94 61.84 0.10 
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Indian Barren, KY 0.07 7.77 52.23 39.93 0.0 
Big Bat Breckinridge, KY 0.03 3.85 46.74 49.38 0.0 
Buzzard Breckinridge, KY 0.04 4.84 49.68 45.32 0.12 
Penitentiary Breckinridge, KY 0.04 4.90 49.50 45.44 0.11 
Carter City Caves Carter, KY 0.06 7.82 70.72 21.40 0.01 
Cascade Carter, KY 0.07 9.79 64.78 25.35 0.0 
Bob Overton Christian, KY 0.22 2.20 60.31 36.04 1.22 
Bat Edmonson, KY 0.70 2.13 77.67 17.96 1.55 
Beckner's Saltpeter Edmonson, KY 0.15 6.13 38.88 54.65 0.18 
Mammoth Cave Edmonson, KY 0.60 0.89 89.99 7.12 1.39 
Prairie Hall Estill, KY 0.04 6.75 84.94 8.23 0.04 
Wilson Hart, KY 0.52 2.52 77.85 18.34 0.77 
Bowman Saltpeter Jackson, KY 0.36 6.91 74.05 18.68 0.0 
Cedar Post Jackson, KY 0.06 5.05 85.96 8.85 0.08 
John Henry Jackson, KY 0.32 7.34 73.11 19.23 0.0 
Misty Jackson, KY 0.06 6.04 86.26 7.62 0.02 
String Jackson, KY 0.0 5.20 86.53 8.26 0.0 
War Fork Jackson, KY 0.06 5.04 87.21 7.59 0.10 
Armine Branch Lee, KY 1.01 7.20 79.46 12.15 0.19 
Ash Lee, KY 0.57 8.09 80.26 10.87 0.21 
Bus Stop Lee, KY 0.47 8.51 81.08 9.73 0.20 
Sparkle Lee, KY 1.42 6.54 79.75 12.18 0.11 
Crystal Letcher, KY 0.01 8.63 86.73 4.63 0.0 
Shaw Hill Bat Livingston, KY 8.98 4.28 35.79 43.87 7.08 
Cave Branch Menifee, KY 0.02 5.15 85.93 8.87 0.03 
Hall Sink Menifee, KY 0.02 5.33 84.56 10.09 0.01 
Well Menifee, KY 0.02 5.37 85.51 9.09 0.01 
Minton Hollow Pulaski, KY 3.16 7.53 82.24 7.06 0.02 
South Goldson Pulaski, KY 3.49 6.23 83.62 6.65 0.01 
Climax Rockcastle, KY 0.03 6.59 72.67 20.70 0.0 
Goochland Rockcastle, KY 0.0 6.57 78.20 15.22 0.0 
Humongous Canyon Rockcastle, KY 0.02 6.85 83.13 9.99 0.01 
Sinks of Roundstone Rockcastle, KY 0.01 8.0 81.54 10.44 0.01 
Twin Springs Rockcastle, KY 0.01 7.82 79.99 12.16 0.01 
Big Sulphur Trigg, KY 0.14 6.62 16.73 71.46 5.04 
Cool Springs Trigg, KY 0.16 6.50 14.57 77.72 1.06 
Limestone Whitley, KY 0.16 7.29 80.80 11.72 0.02 
Chester Emery Mine Hampden, MA 4.12 60.88 17.84 12.14 5.02 
Devil's Icebox Boone, MO 0.84 14.29 35.06 48.01 1.80 
Rocheport Boone, MO 3.91 3.62 24.09 61.98 6.39 
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Carroll Camden, MO 0.62 3.81 43.96 50.80 0.82 
River Camden, MO 3.40 10.97 68.73 15.99 0.91 
Toby Camden, MO 2.73 4.51 78.74 12.29 1.73 
Panther Spring Carter, MO 0.82 1.56 89.87 4.83 2.92 
Bat Crawford, MO 0.45 3.47 79.87 14.37 1.85 
Saloon Crawford, MO 0.63 3.64 77.79 16.29 1.65 
Watson Dent, MO 0.34 3.43 75.35 19.89 1.0 
Mushroom Franklin, MO 0.52 10.45 71.49 17.05 0.48 
Cave Hollow Iron, MO 0.60 5.05 87.94 6.22 0.18 
Coffin Laclede, MO 0.32 5.07 76.47 16.85 1.29 
Mary Lawson Laclede, MO 0.88 7.26 72.26 18.18 1.43 
Slaven Laclede, MO 1.11 8.80 74.65 13.28 2.16 
Bruce Pulaski, MO 1.01 6.20 64.88 27.20 0.71 
Davis Cave No. 2 Pulaski, MO 0.20 4.89 80.85 13.28 0.77 
Joy Pulaski, MO 0.18 5.19 82.32 11.73 0.59 
Knife Pulaski, MO 0.14 4.41 78.25 16.33 0.87 
Onyx Pulaski, MO 1.15 6.59 67.25 24.24 0.77 
Piquet Pulaski, MO 0.46 5.50 57.11 36.33 0.60 
Marvel Shannon, MO 0.54 3.05 93.02 2.44 0.95 
Tyson Quarry St. Louis, MO 1.51 44.88 40.88 11.50 1.23 
Dunvin Texas, MO 0.23 3.77 69.91 25.40 0.69 
Smittle Wright, MO 0.06 4.02 47.89 47.55 0.49 
Hibernia Mine Morris, NJ 5.29 26.45 55.85 2.28 10.13 
Taylor Mine Morris, NJ 4.68 33.80 49.89 1.75 9.88 
Lawrenceville Mine Ulster, NY 1.38 11.04 55.49 14.98 17.10 
Bennet Hill - Hitchcock 
Mine 
Warren, NY 5.40 1.46 84.23 1.06 7.85 
Main Graphite Mine Warren, NY 6.89 1.81 86.94 0.35 4.02 
Ironton Mine Lawrence, OH 0.30 5.34 81.34 12.77 0.25 
Long Run Mine Armstrong, PA 0.05 9.63 47.29 42.94 0.10 
Hipple Cave Bedford, PA 0.06 6.06 43.76 50.10 0.03 
Sharer Cave Centre, PA 0.12 10.23 38.94 50.47 0.25 
Aitkin Cave Mifflin, PA 0.08 5.23 71.20 23.32 0.16 
S Penn RR Tunnel - 
Allegheny  Mtn 
Somerset, PA 0.52 7.43 64.05 27.29 0.72 
Bull Cave Blount, TN 0.01 4.02 85.85 9.75 0.36 
Zarathustra Cave Fentress, TN 0.20 5.97 76.19 17.64 0.0 
Indian Cave Grainger, TN 2.29 7.51 31.03 58.69 0.48 
Blue Spring Cave Montgomery, TN 0.99 6.11 43.04 47.86 2.01 
Coleman Cave Montgomery, TN 1.27 8.56 55.79 33.01 1.37 
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Alexander Cave Perry, TN 0.87 2.58 80.41 15.50 0.64 
Tobaccoport Cave Stewart, TN 10.37 1.83 73.30 10.87 3.62 
Clark's Cave Bath, VA 0.47 3.72 82.94 12.71 0.16 
Starr Chapel Saltpeter Bath, VA 0.93 4.52 89.73 4.76 0.05 
Newberry -Bane Bland, VA 0.02 2.48 71.43 25.99 0.09 
Hupman's Saltpeter Highland, VA 0.16 2.69 85.76 11.34 0.05 
Grassy Springs Cave Lee, VA 0.19 10.18 63.94 25.68 0.01 
Aeolus Bat Cave Bennington , VT 0.11 7.98 74.71 13.88 3.33 
Skinner Hollow Bennington , VT 0.09 7.25 77.15 11.38 4.13 
Brandon Silver Mine Rutland, VT 0.39 6.34 67.61 17.68 7.99 
Nickwackett Rutland, VT 0.34 5.74 71.45 16.21 6.25 
Plymouth Windsor, VT 0.02 4.29 87.97 5.61 2.10 
Piercys Greenbrier, WV 0.03 6.67 59.98 32.95 0.38 
Greenville Saltpeter Monroe, WV 0.03 7.18 61.24 31.51 0.04 
Minor Rexrode Pendleton, WV 0.22 4.86 73.31 21.59 0.02 
Marthas Pocahontas, WV 0.95 5.36 69.86 23.47 0.36 
Snedegars Pocahontas, WV 1.09 4.02 74.69 19.95 0.26 
Cornwell Preston, WV 1.17 9.03 66.45 23.22 0.13 
Fortlick Randolph, WV 0.09 4.60 91.61 3.43 0.28 
Izaak Walton Randolph, WV 0.83 3.26 85.96 9.46 0.49 
Stewart Run Randolph, WV 0.11 4.55 93.21 1.94 0.19 
Arbogast/Cave Hollow Tucker, WV 0.71 3.29 89.27 6.45 0.29 
Big Springs Tucker, WV 1.09 4.84 90.95 2.89 0.23 
Armstrong Lawrence, AL 0.10 3.95 71.26 22.13 2.56 
Chimney Rock Barry, MO 0.01 3.36 74.05 22.46 0.12 
Kelley Ridge Cave Blount, TN 0.02 4.81 84.42 10.50 0.26 
Cobb Creek Saltpetre 
Cave 
Fentress, TN 0.19 6.29 73.72 19.79 0.0 
Dragon's Breath Cave Fentress, TN 0.22 5.60 78.40 15.78 0.0 
Nickajack Cave Marion, TN 9.13 8.52 54.67 26.41 1.27 
Camps Gulf Cave Van Buren, TN 0.13 6.50 76.97 16.21 0.19 
Wind Wayne, KY 0.01 3.91 88.99 7.10 0.0 
Bull Mine Orange, NY 1.15 26.47 43.79 18.63 9.96 
 
 Table 63.  Land cover proportions for the landscape within 4.025 km of Indiana bat hibernacula 
entrances for 2016. 
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Aeolus Bat Cave Bennington , VT 0.03 15.90 54.68 23.16 6.23 
Aitkin Cave Mifflin, PA 0.35 16.98 38.86 43.73 0.08 
Alexander Cave Perry, TN 1.68 1.08 74.86 21.86 0.52 
Amphitheatre Stone, AR 0.0 0.24 86.85 11.43 1.48 
Armine Branch Lee, KY 0.14 0.89 53.20 45.27 0.50 
Armstrong Lawrence, AL 0.05 4.39 77.10 14.17 4.29 
Ash Lee, KY 0.0 0.85 58.39 39.78 0.98 
B&O Breckinridge, KY 0.07 9.78 31.58 58.57 0.01 
Barkshed Saltpetre Stone, AR 0.0 0.17 85.30 13.50 1.03 
Barney Grace Mine Union, IL 0.01 1.11 68.19 30.13 0.57 
Barton Hill Mine Essex, NY 3.69 23.01 52.45 6.96 13.90 
Bat Crawford, MO 0.14 0.99 73.57 16.0 9.30 
Bat Edmonson, KY 0.51 0.59 66.36 13.18 19.36 
Bat (Carter Caves SRP) Carter, KY 0.06 2.07 35.62 62.25 0.0 
Batwing Crawford, IN 0.01 6.34 35.23 57.95 0.46 
Bear Franklin, MO 0.27 7.51 70.50 19.21 2.52 
Beckner's Saltpeter Edmonson, KY 0.0 5.28 8.38 86.33 0.01 
Bellamy Montgomery, TN 0.0 3.57 41.49 54.81 0.13 
Bennet Hill - Hitchcock 
Mine 
Warren, NY 5.41 3.50 70.84 0.68 19.57 
Big Bat Breckinridge, KY 0.0 13.09 20.45 66.46 0.0 
Big Springs Tucker, WV 1.01 4.15 90.27 4.56 0.0 
Big Sulphur Trigg, KY 0.07 18.49 6.12 68.80 6.53 
Binkley Harrison, IN 0.47 14.38 17.03 68.0 0.12 
Biology Stone, AR 0.0 0.32 90.88 8.45 0.35 
Blackball Mine LaSalle, IL 5.97 47.85 6.03 32.11 8.03 
Blue Spring Cave Montgomery, TN 0.0 17.75 37.69 44.01 0.56 
Bob Overton Christian, KY 0.58 4.05 66.13 29.0 0.24 
Bowman Saltpeter Jackson, KY 0.0 11.18 19.30 69.50 0.02 
Brainerd Jersey, IL 21.46 17.67 36.34 6.55 17.98 
Brandon Silver Mine Rutland, VT 0.44 8.51 54.92 21.46 14.68 
Brasher Pope, IL 1.84 0.23 70.87 22.40 4.66 
Brooks Pulaski, MO 0.34 27.45 54.84 17.17 0.20 
Bruce Pulaski, MO 1.57 16.03 33.40 47.75 1.25 
Buckner Monroe, IN 0.0 4.48 41.89 53.60 0.03 
Bull Cave Blount, TN 0.09 1.62 67.94 30.35 0.0 
Bull Mine Orange, NY 0.27 34.24 23.52 14.79 27.18 
Bus Stop Lee, KY 0.0 0.44 66.19 32.60 0.77 
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Buzzard Breckinridge, KY 0.0 2.16 36.76 60.97 0.11 
Camps Gulf Cave Van Buren, TN 0.0 22.83 61.56 15.43 0.18 
Canoe Creek Mine Blair, PA 1.69 20.49 56.44 21.31 0.07 
Carroll Camden, MO 2.89 3.76 44.82 47.31 1.21 
Carter City Caves Carter, KY 0.0 5.64 20.0 74.36 0.0 
Cascade Carter, KY 0.06 4.17 45.61 50.16 0.0 
Cave Branch Menifee, KY 0.0 0.72 75.67 23.44 0.17 
Cave Hollow Lee, KY 0.03 0.84 55.04 43.64 0.44 
Cave Hollow Iron, MO 2.38 13.84 77.65 5.24 0.89 
Cave Mountain Newton, AR 0.02 4.84 61.26 32.52 1.35 
Cave Spring Hardin, IL 1.68 4.19 42.28 43.94 7.92 
Cedar Post Jackson, KY 0.0 1.42 72.78 25.73 0.07 
Chester Emery Mine Hampden, MA 11.72 75.03 7.46 2.99 2.80 
Chimney Rock Barry, MO 0.0 7.38 68.70 23.90 0.01 
Climax Rockcastle, KY 0.0 3.79 32.76 63.46 0.0 
Coach Edmonson, KY 0.0 7.29 27.50 65.20 0.01 
Cobb Creek Saltpetre 
Cave 
Fentress, TN 0.02 17.58 47.94 34.44 0.02 
Coffin Laclede, MO 0.61 5.75 70.37 19.97 3.30 
Coleman Cave Montgomery, TN 0.0 6.18 43.93 49.79 0.10 
Colossal Edmonson, KY 0.22 0.01 83.29 9.79 6.70 
Cookstove Shannon, MO 0.0 5.75 88.53 4.36 1.36 
Cool Springs Trigg, KY 0.10 25.05 13.73 59.87 1.25 
Coon Monroe, IN 0.06 2.81 48.90 48.21 0.03 
Copper Hollow Sink Franklin, MO 0.26 4.31 71.57 20.96 2.90 
Corkscrew Newton, AR 0.0 14.68 45.94 39.15 0.23 
Cornwell Preston, WV 3.59 2.82 66.14 27.13 0.32 
Crystal Letcher, KY 0.02 6.55 85.74 7.68 0.0 
Cumberland Gap 
Saltpeter 
Lee, VA 0.0 19.69 62.42 17.89 0.0 
Devil's Icebox Boone, MO 0.24 24.73 30.51 42.81 1.70 
Dixon Edmonson, KY 0.22 0.0 89.05 0.86 9.87 
Dragon's Breath Cave Fentress, TN 0.08 1.96 66.54 31.40 0.02 
Dunvin Texas, MO 0.54 22.16 48.96 27.49 0.85 
Edgeman Newton, AR 0.0 7.06 64.02 27.68 1.24 
Ellis Pope, IL 0.0 1.62 63.39 31.43 3.56 
Endless Washington, IN 0.26 5.30 29.36 64.97 0.11 
Fern Jackson, AL 0.60 9.84 53.18 32.68 3.70 
Fitton Newton, AR 0.04 1.44 81.06 17.0 0.47 
Fogelpole Monroe, IL 0.15 10.88 15.06 73.66 0.25 
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Fortlick Randolph, WV 0.32 10.52 86.25 2.90 0.0 
Frenchman's Knob Pit Hart, KY 0.01 10.40 62.18 27.41 0.0 
Glen Park Cave Jefferson, NY 1.81 35.64 6.48 32.77 23.30 
Goochland Rockcastle, KY 0.0 0.13 46.95 52.92 0.0 
Grassy Springs Cave Lee, VA 0.0 16.69 54.34 28.97 0.0 
Great Scott Washington, MO 0.09 7.63 78.80 12.23 1.25 
Great Spirit Pulaski, MO 0.0 7.74 50.22 40.66 1.39 
Green Letcher, KY 0.0 18.43 74.87 6.69 0.0 
Greenville Saltpeter Monroe, WV 0.05 27.64 41.76 30.50 0.04 
Griffith Hardin, IL 5.39 16.72 33.80 35.43 8.66 
Grotto Monroe, IN 0.12 7.28 45.11 47.49 0.01 
Gustafson Stone, AR 0.0 0.42 82.27 17.03 0.28 
Gutherie Hardin, IL 5.10 16.33 34.80 35.94 7.83 
Gypsy Bill Allen Martin, IN 0.0 0.38 83.27 16.35 0.0 
Hall Sink Menifee, KY 0.0 2.03 55.68 42.13 0.16 
Hamilton Washington, MO 0.29 0.86 73.81 21.78 3.26 
Hankins 
Independence, 
AR 
0.0 15.09 51.38 33.52 0.0 
Hellhole Pendleton, WV 0.06 9.69 41.16 49.09 0.0 
Hibernia Mine Morris, NJ 3.72 19.57 52.93 2.92 20.87 
Hidden Springs Stone, AR 0.0 0.26 88.14 10.06 1.54 
Higgenbotham No 1 Tazewell, VA 0.0 2.85 39.39 57.77 0.0 
Hipple Cave Bedford, PA 0.49 24.58 32.40 42.52 0.0 
Horseshoe Newton, AR 0.05 15.43 56.73 26.39 1.40 
Horsethief Madison, AR 0.0 8.16 32.41 58.24 1.19 
Humongous Canyon Rockcastle, KY 0.0 0.48 52.99 46.28 0.24 
Hupman's Saltpeter Highland, VA 0.77 11.33 71.77 15.91 0.22 
Indian Barren, KY 0.0 6.10 36.35 57.54 0.0 
Indian Cave Grainger, TN 4.24 8.76 13.20 73.72 0.08 
Ironton Mine Lawrence, OH 0.32 8.83 64.63 25.98 0.24 
Izaak Walton Randolph, WV 0.20 0.50 89.69 8.22 1.38 
Jamesville Quarry Cave Onondaga, NY 1.82 58.21 23.58 12.07 4.31 
Jason Mine Union, IL 0.77 1.89 51.98 43.90 1.45 
Jesse James Edmonson, KY 0.0 7.60 26.11 66.28 0.01 
John Henry Jackson, KY 0.0 12.20 24.89 62.89 0.02 
Joy Pulaski, MO 0.0 4.22 83.40 11.35 1.03 
Jug Hole Harrison, IN 1.82 0.23 75.26 21.98 0.71 
Kelley Ridge Cave Blount, TN 0.09 4.39 63.25 32.04 0.23 
King Blair/Brinegar Monroe, IN 0.0 3.25 42.57 54.15 0.03 
Knife Pulaski, MO 0.0 3.76 70.26 24.83 1.15 
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Laurel Carter, KY 0.06 2.14 39.65 58.15 0.0 
Lawrenceville Mine Ulster, NY 0.43 15.17 34.07 15.31 35.02 
Leonard Spring Monroe, IN 0.0 8.77 25.42 65.64 0.17 
Lewisburg Limestone 
Mine 
Preble, OH 0.22 26.57 4.51 68.33 0.38 
Limestone Whitley, KY 0.07 1.12 75.77 23.04 0.0 
Line Fork Letcher, KY 0.02 11.36 78.44 10.18 0.0 
Little Amos Menifee, KY 0.0 5.68 52.64 41.66 0.03 
Long Edmonson, KY 0.0 1.38 57.80 40.61 0.20 
Long Run Mine Armstrong, PA 0.04 12.83 51.0 36.12 0.01 
Main Graphite Mine Warren, NY 1.65 5.80 83.40 0.37 8.77 
Mammoth Cave Edmonson, KY 0.21 0.0 89.86 0.93 8.99 
Marthas Pocahontas, WV 0.89 21.99 28.05 48.15 0.92 
Martin # 1 Shannon, MO 1.55 2.59 80.26 8.64 6.97 
Marvel Shannon, MO 1.20 1.38 83.94 5.57 7.91 
Mary Lawson Laclede, MO 0.0 14.41 57.21 27.43 0.95 
Mine 26 Alexander, IL 0.0 5.32 61.24 32.88 0.57 
Minor Rexrode Pendleton, WV 0.11 1.65 53.77 44.42 0.06 
Minton Hollow Pulaski, KY 1.01 3.67 75.83 19.46 0.03 
Misty Jackson, KY 0.0 9.26 59.06 31.69 0.0 
Morton Estill, KY 0.0 1.76 61.19 36.93 0.13 
Mose Prater Shannon, MO 0.22 13.65 70.87 9.40 5.85 
Mushroom Franklin, MO 0.28 3.82 75.24 18.11 2.56 
New Mammoth Cave Campbell, TN 0.03 18.81 57.03 23.90 0.23 
Newberry -Bane Bland, VA 0.0 10.79 43.81 45.26 0.14 
Nickajack Cave Marion, TN 13.66 18.55 39.19 27.97 0.63 
Nickwackett Rutland, VT 0.44 5.01 64.54 18.80 11.21 
Norton Valley Breckinridge, KY 0.0 1.19 48.29 50.16 0.36 
Onyx Crawford, MO 0.20 1.97 66.34 27.43 4.07 
Onyx Pulaski, MO 1.07 10.22 56.59 30.86 1.26 
Panther Spring Carter, MO 2.11 4.74 70.30 12.76 10.10 
Panther/Neyman Washington, IN 0.26 2.52 35.52 61.59 0.11 
Parker's Pit Harrison, IN 0.0 1.19 70.38 26.39 2.03 
Pearson Cave Hawkins, TN 1.81 13.07 50.94 34.05 0.14 
Penitentiary Breckinridge, KY 0.0 2.18 36.36 61.34 0.11 
Penns Cave Centre, PA 0.07 3.27 43.03 53.09 0.54 
Piercys Greenbrier, WV 0.05 12.29 52.88 34.73 0.05 
Pilot Knob Mine Iron, MO 0.34 22.03 54.89 20.43 2.31 
Piquet Pulaski, MO 0.07 2.92 52.30 43.34 1.38 
Plymouth Windsor, VT 0.52 20.70 70.33 6.13 2.33 
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Powder Mill Shannon, MO 0.89 1.46 86.48 4.02 7.14 
Prairie Hall Estill, KY 0.0 2.36 59.49 38.03 0.13 
Ray's Greene, IN 0.0 1.86 33.72 64.24 0.19 
River Washington, IN 0.26 5.59 29.28 64.76 0.11 
River Camden, MO 4.86 27.58 56.80 9.93 0.83 
Robinson Ladder Crawford, IN 0.04 3.07 50.66 46.22 0.01 
Rocheport Boone, MO 6.96 19.81 20.52 43.36 9.36 
Rocky Hollow Cave Wise, VA 0.33 15.89 60.37 23.40 0.0 
Rosson Hollow Crevices Franklin, AR 0.53 5.17 78.20 15.56 0.54 
Rowland Stone, AR 0.03 0.24 65.21 32.92 1.59 
Roxbury Iron Mine Litchfield, CT 0.14 29.48 50.12 17.14 3.12 
Ryden Pulaski, MO 0.56 9.90 65.47 21.14 2.93 
S Penn RR Tunnel - 
Allegheny  Mtn 
Somerset, PA 0.09 29.33 53.59 16.78 0.22 
Salamander Monroe, IN 0.12 7.70 43.72 48.46 0.01 
Saloon Crawford, MO 0.49 2.11 71.99 20.94 4.47 
Saltpeter Carter, KY 0.06 2.06 36.32 61.56 0.0 
Saltpeter-Crawford Crawford, IN 0.0 2.76 77.36 17.09 2.79 
Saltpeter-Monroe Monroe, IN 0.12 13.05 27.93 58.84 0.07 
Sauta Jackson, AL 10.86 13.31 34.24 32.34 9.25 
Scotia Hollow Washington, MO 0.57 4.60 77.59 16.60 0.64 
Sexton Spring Greene, IN 0.0 3.95 34.16 61.61 0.28 
Sharer Cave Centre, PA 0.01 8.52 46.57 44.63 0.27 
Shaw Hill Bat Livingston, KY 7.54 15.34 24.39 39.97 12.77 
Sinks of Roundstone Rockcastle, KY 0.0 2.22 51.53 46.01 0.24 
Skinner Hollow Bennington , VT 0.42 11.42 72.46 11.93 3.77 
Slaven Laclede, MO 1.23 8.83 67.87 19.72 2.35 
Smittle Wright, MO 0.0 8.74 42.05 49.05 0.17 
Smokehole Rockcastle, KY 0.0 0.13 50.62 49.25 0.0 
Snedegars Pocahontas, WV 0.0 13.95 61.60 24.39 0.06 
South Goldson Pulaski, KY 3.14 2.92 73.05 20.80 0.09 
Sparkle Lee, KY 1.61 2.23 63.10 32.92 0.14 
Starr Chapel Saltpeter Bath, VA 0.47 10.87 78.25 10.37 0.04 
Stewart Run Randolph, WV 0.21 6.26 92.17 1.36 0.0 
Stillhouse Lee, KY 0.02 0.81 58.13 40.50 0.54 
String Jackson, KY 0.0 0.19 70.39 29.32 0.09 
Swinney Harrison, IN 0.03 2.52 30.75 66.62 0.09 
Taylor Mine Morris, NJ 2.28 49.73 32.88 3.17 11.94 
Thornhill Breckinridge, KY 0.01 3.73 37.41 58.85 0.0 
Tobaccoport Cave Stewart, TN 16.55 0.23 59.47 12.52 11.23 
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Toby Camden, MO 0.0 14.38 51.42 30.86 3.34 
Toothless Jackson, IL 3.66 10.70 62.29 10.53 12.82 
Trout Pendleton, WV 0.42 4.97 68.49 26.07 0.06 
Tunnel Pulaski, MO 1.46 11.31 42.15 42.36 2.72 
Twin Domes Harrison, IN 0.0 2.26 51.42 44.51 1.82 
Twin Springs Rockcastle, KY 0.0 1.22 53.69 44.86 0.24 
Tyson Quarry St. Louis, MO 5.14 21.35 54.04 15.59 3.88 
Unimin - Magazine 
Mine 
Alexander, IL 0.01 4.41 64.38 31.04 0.16 
Unimin - Mine 30 Alexander, IL 0.0 0.94 74.55 24.22 0.29 
Wallier Harrison, IN 11.42 1.21 57.93 27.95 1.49 
Walter Williams 
Preserve Mine 
Ulster, NY 0.77 14.57 36.52 10.97 37.17 
War Eagle Cavern Benton, AR 10.75 18.35 59.75 10.14 1.01 
War Fork Jackson, KY 0.0 1.42 71.33 26.74 0.51 
Waterfall Rockcastle, KY 0.0 1.55 55.17 43.04 0.24 
Watson Dent, MO 0.33 0.69 71.51 25.33 2.14 
Well Menifee, KY 0.0 3.89 69.82 26.13 0.16 
White Oak Blowhole Blount, TN 0.0 1.41 75.50 23.09 0.0 
Wildcat Crawford, IN 0.0 2.84 73.84 20.70 2.62 
Williams Hotel Mine Ulster, NY 1.31 14.12 37.83 10.96 35.77 
Williams Lake Mine Ulster, NY 1.49 14.15 39.53 9.64 35.19 
Wilson Hart, KY 0.61 1.56 66.69 23.91 7.23 
Wind Jackson, KY 0.0 1.21 70.76 27.37 0.67 
Wind Wayne, KY 0.0 11.09 73.48 15.43 0.0 
Wolf Creek Newton, AR 0.04 1.44 81.06 17.0 0.47 
Wolf River Cave Fentress, TN 0.06 9.56 59.39 30.92 0.07 
Wyandotte Crawford, IN 0.0 2.66 79.27 15.24 2.83 
Zarathustra Cave Fentress, TN 0.01 8.96 54.16 36.86 0.02 
 
 Table 64.  Land cover proportions for the landscape within 8.05 km of Indiana bat hibernacula 
entrances for 2016. 
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Unimin - Magazine 
Mine 
Alexander, IL 0.03 5.67 47.05 44.93 2.32 
Batwing Crawford, IN 0.02 4.49 37.65 57.57 0.27 
Wyandotte Crawford, IN 1.83 3.05 53.80 39.69 1.62 
Ray's Greene, IN 0.08 2.51 44.90 52.27 0.24 
Jug Hole Harrison, IN 3.55 1.53 53.27 39.81 1.84 
Twin Domes Harrison, IN 5.63 0.0 2.84 50.63 40.90 
Coon Monroe, IN 0.07 8.31 35.62 55.85 0.14 
Grotto Monroe, IN 0.04 10.51 33.08 56.28 0.08 
Bat (Carter Caves SRP) Carter, KY 0.01 4.53 31.44 64.01 0.0 
Dixon Edmonson, KY 0.23 0.18 69.52 21.38 8.69 
Pilot Knob Mine Iron, MO 0.87 16.62 55.66 24.77 2.08 
Great Scott Washington, MO 0.47 13.29 70.80 14.46 0.98 
Walter Williams 
Preserve Mine 
Ulster, NY 0.64 20.44 31.82 13.29 33.81 
Williams Hotel Mine Ulster, NY 0.58 13.40 32.87 14.93 38.21 
White Oak Blowhole Blount, TN 0.03 4.24 75.17 20.12 0.44 
Hellhole Pendleton, WV 0.13 7.55 51.41 40.87 0.03 
Coach Edmonson, KY 0.0 7.62 27.60 64.66 0.12 
Long Edmonson, KY 0.01 4.06 40.82 53.77 1.34 
Line Fork Letcher, KY 0.01 6.28 74.88 18.83 0.0 
Onyx Crawford, MO 0.38 2.38 58.65 36.21 2.38 
Copper Hollow Sink Franklin, MO 0.30 8.83 56.09 33.23 1.56 
Brooks Pulaski, MO 0.32 20.31 61.45 16.95 0.97 
Ryden Pulaski, MO 0.28 10.94 68.69 18.32 1.77 
Horsethief Madison, AR 0.01 11.53 39.70 47.81 0.95 
Cave Mountain Newton, AR 0.01 7.01 64.29 27.85 0.84 
Edgeman Newton, AR 0.01 6.60 65.83 26.49 1.08 
Horseshoe Newton, AR 0.04 9.18 63.86 26.18 0.75 
Unimin - Mine 30 Alexander, IL 0.48 3.19 55.71 35.14 5.48 
Griffith Hardin, IL 4.08 10.16 33.59 43.29 8.88 
Gutherie Hardin, IL 0.0 4.46 11.17 37.27 47.10 
Toothless Jackson, IL 0.0 3.62 14.28 53.25 28.85 
Blackball Mine LaSalle, IL 4.10 44.01 5.03 43.23 3.63 
Ellis Pope, IL 1.38 4.43 55.06 35.43 3.70 
Parker's Pit Harrison, IN 1.35 1.92 54.33 40.80 1.61 
B&O Breckinridge, KY 0.09 9.80 30.42 59.69 0.0 
Norton Valley Breckinridge, KY 0.06 7.34 35.66 56.45 0.50 
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Thornhill Breckinridge, KY 0.03 4.05 34.08 61.84 0.0 
Laurel Carter, KY 0.01 4.17 33.09 62.73 0.0 
Saltpeter Carter, KY 0.01 4.36 31.75 63.87 0.0 
Colossal Edmonson, KY 0.20 0.52 67.53 26.42 5.32 
Jesse James Edmonson, KY 0.0 8.27 26.28 65.33 0.11 
Morton Estill, KY 0.0 2.54 54.94 42.29 0.22 
Frenchman's Knob Pit Hart, KY 0.18 11.31 49.63 38.84 0.04 
Wind Jackson, KY 0.05 1.55 68.44 29.61 0.36 
Cave Hollow Lee, KY 0.31 1.08 55.58 42.35 0.68 
Stillhouse Lee, KY 0.13 0.92 55.53 42.72 0.70 
Green Letcher, KY 0.0 0.21 21.61 63.32 14.86 
Little Amos Menifee, KY 0.0 4.72 55.44 39.79 0.06 
Smokehole Rockcastle, KY 0.0 1.06 51.28 47.61 0.06 
Waterfall Rockcastle, KY 0.02 5.0 51.80 43.07 0.13 
Bear Franklin, MO 0.28 9.31 55.23 33.66 1.53 
Great Spirit Pulaski, MO 0.02 11.33 59.04 28.22 1.39 
Tunnel Pulaski, MO 0.80 12.53 41.0 44.0 1.68 
Cookstove Shannon, MO 0.47 7.55 83.45 5.22 3.32 
Martin # 1 Shannon, MO 0.93 5.34 71.65 16.46 5.63 
Mose Prater Shannon, MO 0.26 9.62 74.03 13.50 2.60 
Powder Mill Shannon, MO 1.40 4.88 81.15 8.88 3.70 
Hamilton Washington, MO 0.38 3.60 71.09 22.85 2.07 
Scotia Hollow Washington, MO 0.48 3.10 64.53 29.69 2.19 
Barton Hill Mine Essex, NY 6.25 13.46 61.34 9.13 9.81 
Glen Park Cave Jefferson, NY 4.10 31.74 5.77 33.06 25.32 
Jamesville Quarry 
Cave 
Onondaga, NY 1.26 53.68 16.98 20.91 7.18 
Williams Lake Mine Ulster, NY 0.59 14.52 32.62 14.90 37.37 
Lewisburg Limestone 
Mine 
Preble, OH 0.31 27.88 3.33 68.34 0.14 
Canoe Creek Mine Blair, PA 0.83 22.74 52.44 23.95 0.04 
Penns Cave Centre, PA 0.16 13.05 40.06 46.45 0.28 
New Mammoth Cave Campbell, TN 0.17 17.11 58.01 24.38 0.32 
Wolf River Cave Fentress, TN 0.17 13.16 63.53 23.10 0.05 
Pearson Cave Hawkins, TN 1.32 15.06 49.81 33.64 0.16 
Bellamy Montgomery, TN 0.76 6.87 40.22 48.64 3.50 
Cumberland Gap 
Saltpeter 
Lee, VA 0.34 28.66 38.14 32.85 0.01 
Higgenbotham No 1 Tazewell, VA 0.01 12.80 36.16 50.93 0.09 
Rocky Hollow Cave Wise, VA 0.28 23.56 51.95 24.21 0.0 
Trout Pendleton, WV 0.20 6.37 62.95 30.44 0.03 
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Fern Jackson, AL 0.39 12.10 47.47 35.30 4.74 
Sauta Jackson, AL 12.09 17.89 34.48 30.54 4.99 
War Eagle Cavern Benton, AR 14.28 10.75 48.89 25.53 0.56 
Rosson Hollow 
Crevices 
Franklin, AR 0.37 10.31 74.45 14.55 0.31 
Hankins 
Independence, 
AR 
0.16 9.90 42.82 47.09 0.03 
Corkscrew Newton, AR 0.03 9.33 50.15 40.24 0.25 
Fitton Newton, AR 0.02 9.62 68.09 21.81 0.46 
Wolf Creek Newton, AR 0.02 9.62 68.09 21.81 0.46 
Amphitheatre Stone, AR 0.20 1.32 81.92 15.88 0.68 
Barkshed Saltpetre Stone, AR 0.01 1.24 79.80 18.09 0.86 
Biology Stone, AR 0.43 2.02 80.50 16.34 0.71 
Gustafson Stone, AR 1.07 5.12 69.64 23.26 0.91 
Hidden Springs Stone, AR 0.15 0.90 82.46 15.80 0.68 
Rowland Stone, AR 0.01 1.89 67.56 29.01 1.53 
Roxbury Iron Mine Litchfield, CT 0.96 31.30 41.57 21.17 4.99 
Mine 26 Alexander, IL 0.10 7.48 43.19 42.77 6.47 
Cave Spring Hardin, IL 3.43 7.46 42.48 39.79 6.85 
Brainerd Jersey, IL 18.56 15.78 22.30 24.61 18.76 
Fogelpole Monroe, IL 0.78 10.45 22.22 64.57 1.99 
Brasher Pope, IL 0.02 7.63 6.20 43.36 42.78 
Barney Grace Mine Union, IL 1.90 4.96 47.69 41.66 3.79 
Jason Mine Union, IL 2.47 8.63 39.95 42.58 6.37 
Robinson Ladder Crawford, IN 0.05 7.50 34.59 57.79 0.07 
Saltpeter-Crawford Crawford, IN 0.01 1.64 3.15 54.19 41.01 
Wildcat Crawford, IN 1.65 3.26 51.87 41.59 1.63 
Sexton Spring Greene, IN 0.04 2.72 42.24 54.74 0.25 
Binkley Harrison, IN 0.19 13.41 17.66 68.68 0.06 
Swinney Harrison, IN 4.59 0.15 9.16 31.40 54.70 
Wallier Harrison, IN 4.80 12.17 45.04 35.13 2.86 
Gypsy Bill Allen Martin, IN 0.19 4.69 64.55 30.22 0.36 
Buckner Monroe, IN 0.04 8.52 35.38 55.95 0.11 
King Blair/Brinegar Monroe, IN 0.04 7.50 36.45 55.86 0.16 
Leonard Spring Monroe, IN 0.05 17.79 26.48 55.34 0.34 
Salamander Monroe, IN 0.04 10.92 32.60 56.35 0.08 
Saltpeter-Monroe Monroe, IN 0.04 18.73 26.46 54.65 0.12 
Endless Washington, IN 0.51 13.18 25.93 60.21 0.16 
Panther/Neyman Washington, IN 0.60 9.70 28.87 60.76 0.07 
River Washington, IN 0.49 13.21 25.86 60.28 0.16 
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Indian Barren, KY 0.03 11.49 33.91 54.50 0.07 
Big Bat Breckinridge, KY 0.03 3.85 46.71 49.40 0.0 
Buzzard Breckinridge, KY 0.03 5.16 33.27 61.19 0.36 
Penitentiary Breckinridge, KY 0.03 5.23 33.22 61.17 0.35 
Carter City Caves Carter, KY 0.01 8.95 34.39 56.64 0.01 
Cascade Carter, KY 0.01 5.77 36.49 57.73 0.0 
Bob Overton Christian, KY 0.25 5.88 50.36 42.54 0.97 
Bat Edmonson, KY 0.73 3.60 57.42 29.43 8.83 
Beckner's Saltpeter Edmonson, KY 0.02 8.61 21.47 68.64 1.26 
Mammoth Cave Edmonson, KY 0.22 0.17 69.09 22.37 8.16 
Prairie Hall Estill, KY 0.0 4.91 53.24 41.62 0.23 
Wilson Hart, KY 0.40 5.82 53.19 36.88 3.71 
Bowman Saltpeter Jackson, KY 0.02 0.30 10.20 39.02 50.46 
Cedar Post Jackson, KY 0.05 2.59 67.13 29.99 0.25 
John Henry Jackson, KY 0.25 9.55 36.64 53.55 0.01 
Misty Jackson, KY 0.06 4.91 58.27 36.63 0.13 
String Jackson, KY 0.0 1.33 61.90 36.75 0.03 
War Fork Jackson, KY 0.05 1.69 68.05 29.87 0.34 
Armine Branch Lee, KY 0.37 2.30 53.61 43.11 0.61 
Ash Lee, KY 0.12 1.74 57.34 40.14 0.66 
Bus Stop Lee, KY 0.09 1.05 56.20 41.99 0.67 
Sparkle Lee, KY 0.88 5.22 57.31 36.33 0.25 
Crystal Letcher, KY 0.01 8.62 73.16 18.21 0.0 
Shaw Hill Bat Livingston, KY 8.84 9.48 26.12 45.22 10.34 
Cave Branch Menifee, KY 0.05 6.44 60.47 32.92 0.12 
Hall Sink Menifee, KY 0.0 4.35 57.42 38.17 0.06 
Well Menifee, KY 0.0 6.64 58.07 35.22 0.06 
Minton Hollow Pulaski, KY 2.53 13.97 64.03 19.43 0.04 
South Goldson Pulaski, KY 2.61 6.44 65.27 25.61 0.06 
Climax Rockcastle, KY 0.03 10.93 40.75 48.26 0.03 
Goochland Rockcastle, KY 0.0 4.64 47.22 48.08 0.06 
Humongous Canyon Rockcastle, KY 0.01 3.54 60.27 36.06 0.12 
Sinks of Roundstone Rockcastle, KY 0.01 8.07 58.44 33.39 0.10 
Twin Springs Rockcastle, KY 0.0 5.07 52.82 41.99 0.12 
Big Sulphur Trigg, KY 0.19 15.93 13.11 66.62 4.15 
Cool Springs Trigg, KY 0.15 20.70 9.94 67.79 1.43 
Limestone Whitley, KY 0.24 17.87 55.42 26.43 0.04 
Chester Emery Mine Hampden, MA 5.47 70.02 9.58 9.97 4.96 
Devil's Icebox Boone, MO 0.01 0.62 31.44 28.11 39.82 
Rocheport Boone, MO 4.26 15.91 19.16 51.27 9.40 
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Carroll Camden, MO 0.07 1.24 8.89 33.31 56.49 
River Camden, MO 3.34 23.50 50.52 21.24 1.40 
Toby Camden, MO 3.07 14.28 60.78 19.50 2.37 
Panther Spring Carter, MO 1.64 5.63 72.80 12.76 7.17 
Bat Crawford, MO 0.18 1.0 65.56 28.47 4.79 
Saloon Crawford, MO 0.20 1.75 58.65 35.22 4.17 
Watson Dent, MO 0.15 7.94 55.71 33.84 2.34 
Mushroom Franklin, MO 0.15 9.69 57.06 31.22 1.88 
Cave Hollow Iron, MO 0.72 11.05 74.44 13.45 0.34 
Coffin Laclede, MO 0.23 9.23 59.47 28.34 2.72 
Mary Lawson Laclede, MO 0.56 11.82 56.40 28.57 2.64 
Slaven Laclede, MO 0.66 12.13 63.13 20.06 4.01 
Bruce Pulaski, MO 0.88 14.22 45.58 38.25 1.07 
Joy Pulaski, MO 0.12 5.62 71.11 22.02 1.12 
Knife Pulaski, MO 0.12 3.82 65.82 28.60 1.65 
Onyx Pulaski, MO 0.88 17.41 49.36 31.42 0.94 
Piquet Pulaski, MO 0.32 14.72 37.10 46.81 1.06 
Marvel Shannon, MO 0.78 3.89 78.82 11.21 5.30 
Tyson Quarry St. Louis, MO 2.03 52.32 32.84 11.18 1.63 
Dunvin Texas, MO 0.33 12.12 53.48 33.0 1.06 
Smittle Wright, MO 0.03 10.21 34.84 54.32 0.59 
Hibernia Mine Morris, NJ 4.31 34.49 40.02 2.98 18.21 
Taylor Mine Morris, NJ 3.98 47.68 31.51 1.71 15.12 
Lawrenceville Mine Ulster, NY 0.61 9.37 32.13 16.40 41.48 
Bennet Hill - Hitchcock 
Mine 
Warren, NY 8.99 4.16 65.12 2.17 19.57 
Main Graphite Mine Warren, NY 7.13 5.36 73.13 0.33 14.05 
Ironton Mine Lawrence, OH 0.47 8.55 67.08 23.44 0.47 
Long Run Mine Armstrong, PA 0.13 21.43 33.16 45.17 0.11 
Hipple Cave Bedford, PA 0.21 18.53 36.89 44.34 0.02 
Sharer Cave Centre, PA 0.14 18.70 31.33 49.53 0.30 
Aitkin Cave Mifflin, PA 0.22 16.38 58.06 25.10 0.24 
S Penn RR Tunnel - 
Allegheny  Mtn 
Somerset, PA 0.68 17.96 49.60 31.16 0.59 
Bull Cave Blount, TN 0.03 5.83 69.71 23.44 1.0 
Zarathustra Cave Fentress, TN 0.17 13.25 48.89 37.67 0.02 
Indian Cave Grainger, TN 2.68 18.44 17.13 61.17 0.58 
Blue Spring Cave Montgomery, TN 1.12 14.70 30.26 50.67 3.26 
Coleman Cave Montgomery, TN 1.03 6.23 41.03 47.87 3.84 
Alexander Cave Perry, TN 0.99 6.61 66.60 24.16 1.64 
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Tobaccoport Cave Stewart, TN 10.55 4.44 58.70 16.79 9.51 
Starr Chapel Saltpeter Bath, VA 1.53 11.01 79.71 7.66 0.09 
Newberry -Bane Bland, VA 0.03 7.66 55.05 37.01 0.25 
Hupman's Saltpeter Highland, VA 0.43 12.66 70.57 16.26 0.09 
Grassy Springs Cave Lee, VA 0.09 18.80 38.80 42.29 0.02 
Aeolus Bat Cave Bennington , VT 0.14 12.33 59.44 19.56 8.54 
Skinner Hollow Bennington , VT 0.11 14.05 62.40 14.28 9.15 
Brandon Silver Mine Rutland, VT 0.47 12.54 48.97 22.62 15.41 
Nickwackett Rutland, VT 0.45 11.47 54.52 21.19 12.37 
Plymouth Windsor, VT 0.39 14.12 71.49 9.88 4.12 
Piercys Greenbrier, WV 0.03 15.57 47.83 36.05 0.52 
Greenville Saltpeter Monroe, WV 0.04 20.11 47.06 32.76 0.04 
Minor Rexrode Pendleton, WV 0.41 7.70 57.60 34.25 0.05 
Marthas Pocahontas, WV 1.19 11.64 56.32 30.06 0.78 
Snedegars Pocahontas, WV 1.56 8.40 63.01 26.53 0.49 
Cornwell Preston, WV 1.96 18.40 51.25 28.26 0.14 
Fortlick Randolph, WV 0.10 13.99 78.42 6.86 0.64 
Izaak Walton Randolph, WV 2.11 11.35 71.05 14.44 1.05 
Stewart Run Randolph, WV 0.32 7.24 87.65 4.33 0.46 
Big Springs Tucker, WV 0.11 2.02 7.64 82.52 7.71 
Armstrong Lawrence, AL 0.17 10.25 55.29 29.20 5.09 
Chimney Rock Barry, MO 0.0 7.81 59.34 32.62 0.22 
Kelley Ridge Cave Blount, TN 0.03 11.02 63.55 24.86 0.55 
Cobb Creek Saltpetre 
Cave 
Fentress, TN 0.19 13.31 44.19 42.29 0.02 
Dragon's Breath Cave Fentress, TN 0.06 0.15 13.79 53.30 32.70 
Nickajack Cave Marion, TN 0.08 8.32 19.54 38.13 33.93 
Camps Gulf Cave Van Buren, TN 0.07 0.20 16.28 51.13 32.32 
Wind Wayne, KY 4.16 0.0 12.64 65.12 18.07 
Bull Mine Orange, NY 1.35 35.15 25.44 18.30 19.76 
 
Appendix C 
Insolation and Climate Variables 
 
Table 65.  Insolation and climate variables for the landscapes within 4.025 km or 8.05 km of 
Indiana bat hibernacula entrances for 1992 and 2001.  Values are the yearly average: insolation 
([kW·h/{m
2
·day}], [INSO]) and climate variables (precipitation [mm], [PPT], maximum 
temperature [C], [TMAX], minimum temperature [C], [TMIN]). 
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4.025 km 1992 
Unimin - Magazine 
Mine 
Alexander, IL 97.11 19.26 8.11 31518.27 
4.025 km 1992 Batwing Crawford, IN 91.03 18.43 5.78 31269.85 
4.025 km 1992 Wyandotte Crawford, IN 90.07 18.75 5.96 31063.57 
4.025 km 1992 Ray's Greene, IN 102.90 17.74 6.23 30796.49 
4.025 km 1992 Jug Hole Harrison, IN 89.71 18.90 6.35 31260.74 
4.025 km 1992 Twin Domes Harrison, IN 90.03 18.81 5.98 31083.60 
4.025 km 1992 Coon Monroe, IN 105.69 17.14 6.34 30925.44 
4.025 km 1992 Grotto Monroe, IN 105.69 17.14 6.34 30993.37 
4.025 km 1992 
Bat (Carter Caves 
SRP) 
Carter, KY 86.67 18.42 4.20 31042.53 
4.025 km 1992 Dixon Edmonson, KY 92.91 19.63 6.91 31677.71 
4.025 km 1992 Pilot Knob Mine Iron, MO 108.24 18.0 7.06 32301.39 
4.025 km 1992 Great Scott 
Washington, 
MO 
102.73 18.79 5.43 31370.55 
4.025 km 1992 
Walter Williams 
Preserve Mine 
Ulster, NY 91.41 14.42 3.71 28723.73 
4.025 km 1992 
Williams Hotel 
Mine 
Ulster, NY 90.68 14.45 3.68 28650.56 
4.025 km 1992 
White Oak 
Blowhole 
Blount, TN 115.74 19.30 6.03 31519.76 
4.025 km 1992 Hellhole 
Pendleton, 
WV 
69.92 15.85 3.09 31338.49 
4.025 km 1992 Coach Edmonson, KY 92.41 19.76 7.20 32152.73 
4.025 km 1992 Long Edmonson, KY 92.90 19.70 7.10 32012.73 
4.025 km 1992 Line Fork Letcher, KY 104.04 18.98 6.46 30856.30 
4.025 km 1992 Onyx Crawford, MO 103.02 18.77 5.32 31302.81 
4.025 km 1992 
Copper Hollow 
Sink 
Franklin, MO 102.23 18.53 5.89 31350.32 
4.025 km 1992 Brooks Pulaski, MO 101.31 18.74 6.36 32434.20 
4.025 km 1992 Ryden Pulaski, MO 102.39 18.55 6.23 31835.41 
4.025 km 1992 Horsethief Madison, AR 109.20 20.23 7.15 33080.07 
4.025 km 1992 Cave Mountain Newton, AR 106.79 18.85 8.30 32531.70 
4.025 km 1992 Edgeman Newton, AR 106.79 18.85 8.30 32731.34 
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4.025 km 1992 Horseshoe Newton, AR 103.41 19.12 8.38 32382.0 
4.025 km 1992 Unimin - Mine 30 Alexander, IL 96.96 19.28 8.07 31435.54 
4.025 km 1992 Griffith Hardin, IL 96.57 19.28 7.39 31777.78 
4.025 km 1992 Gutherie Hardin, IL 96.57 19.28 7.39 31778.60 
4.025 km 1992 Toothless Jackson, IL 98.25 18.69 7.63 31215.08 
4.025 km 1992 Blackball Mine LaSalle, IL 79.12 14.80 3.95 29847.31 
4.025 km 1992 Ellis Pope, IL 96.16 19.33 7.42 31746.83 
4.025 km 1992 Parker's Pit Harrison, IN 89.96 18.88 6.15 31077.02 
4.025 km 1992 B&O 
Breckinridge, 
KY 
86.04 18.94 7.16 31651.45 
4.025 km 1992 Norton Valley 
Breckinridge, 
KY 
87.88 18.83 7.38 31244.37 
4.025 km 1992 Thornhill 
Breckinridge, 
KY 
88.95 18.82 6.99 31821.12 
4.025 km 1992 Laurel Carter, KY 86.67 18.42 4.20 31034.98 
4.025 km 1992 Saltpeter Carter, KY 86.67 18.42 4.20 31055.77 
4.025 km 1992 Colossal Edmonson, KY 92.91 19.63 6.91 31719.07 
4.025 km 1992 Jesse James Edmonson, KY 92.41 19.76 7.20 32182.65 
4.025 km 1992 Morton Estill, KY 94.35 18.53 6.58 31094.49 
4.025 km 1992 
Frenchman's Knob 
Pit 
Hart, KY 95.31 19.29 7.20 31828.87 
4.025 km 1992 Wind Jackson, KY 98.03 17.82 5.15 30827.83 
4.025 km 1992 Cave Hollow Lee, KY 95.77 18.58 6.02 30405.28 
4.025 km 1992 Stillhouse Lee, KY 95.31 18.55 6.17 30248.49 
4.025 km 1992 Green Letcher, KY 110.81 18.54 6.24 31103.70 
4.025 km 1992 Little Amos Menifee, KY 97.42 18.53 6.61 30268.15 
4.025 km 1992 Smokehole Rockcastle, KY 98.72 18.15 6.39 31513.17 
4.025 km 1992 Waterfall Rockcastle, KY 99.09 18.19 6.36 31241.82 
4.025 km 1992 Bear Franklin, MO 102.23 18.53 5.89 31395.55 
4.025 km 1992 Great Spirit Pulaski, MO 100.11 18.97 6.43 31980.89 
4.025 km 1992 Tunnel Pulaski, MO 101.50 19.06 6.48 31846.59 
4.025 km 1992 Cookstove Shannon, MO 98.02 19.20 6.85 31597.83 
4.025 km 1992 Martin # 1 Shannon, MO 98.87 19.40 6.89 31389.50 
4.025 km 1992 Mose Prater Shannon, MO 95.23 19.11 6.56 31440.05 
4.025 km 1992 Powder Mill Shannon, MO 99.90 19.33 6.90 31458.21 
4.025 km 1992 Hamilton 
Washington, 
MO 
102.24 18.61 5.77 31359.38 
4.025 km 1992 Scotia Hollow 
Washington, 
MO 
103.03 18.78 5.38 31473.49 
4.025 km 1992 Barton Hill Mine Essex, NY 80.34 11.47 -0.97 28908.65 
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4.025 km 1992 Glen Park Cave Jefferson, NY 89.39 12.31 0.96 28411.11 
4.025 km 1992 
Jamesville Quarry 
Cave 
Onondaga, NY 92.52 12.81 2.08 28653.19 
4.025 km 1992 
Williams Lake 
Mine 
Ulster, NY 90.68 14.45 3.68 28639.25 
4.025 km 1992 
Lewisburg 
Limestone Mine 
Preble, OH 86.75 15.62 4.97 31430.75 
4.025 km 1992 Canoe Creek Mine Blair, PA 88.47 14.23 3.93 30147.01 
4.025 km 1992 Penns Cave Centre, PA 89.15 13.63 3.42 30470.81 
4.025 km 1992 
New Mammoth 
Cave 
Campbell, TN 106.90 18.30 5.31 31874.97 
4.025 km 1992 Wolf River Cave Fentress, TN 106.09 18.82 7.31 31962.70 
4.025 km 1992 Pearson Cave Hawkins, TN 87.66 19.0 6.26 31388.30 
4.025 km 1992 Bellamy 
Montgomery, 
TN 
91.51 20.13 7.98 32209.04 
4.025 km 1992 
Cumberland Gap 
Saltpeter 
Lee, VA 95.63 19.12 6.34 32056.11 
4.025 km 1992 
Higgenbotham No 
1 
Tazewell, VA 90.76 16.32 4.40 33400.56 
4.025 km 1992 Rocky Hollow Cave Wise, VA 94.97 16.99 5.99 30498.45 
4.025 km 1992 Trout 
Pendleton, 
WV 
73.79 15.63 2.98 30984.21 
4.025 km 1992 Fern Jackson, AL 113.96 21.03 8.93 33076.25 
4.025 km 1992 Sauta Jackson, AL 106.13 21.73 8.50 33231.73 
4.025 km 1992 War Eagle Cavern Benton, AR 112.11 19.63 7.40 32805.17 
4.025 km 1992 
Rosson Hollow 
Crevices 
Franklin, AR 118.02 21.05 8.44 32980.35 
4.025 km 1992 Hankins 
Independence
, AR 
104.93 21.43 8.61 32409.17 
4.025 km 1992 Corkscrew Newton, AR 103.02 19.85 7.90 32898.52 
4.025 km 1992 Fitton Newton, AR 113.18 18.39 7.96 33143.06 
4.025 km 1992 Wolf Creek Newton, AR 113.18 18.39 7.96 33143.06 
4.025 km 1992 Amphitheatre Stone, AR 102.18 20.46 7.92 31862.39 
4.025 km 1992 Barkshed Saltpetre Stone, AR 102.49 20.03 7.98 31799.39 
4.025 km 1992 Biology Stone, AR 103.20 20.28 7.85 31930.62 
4.025 km 1992 Gustafson Stone, AR 102.51 20.11 7.92 31899.98 
4.025 km 1992 Hidden Springs Stone, AR 101.72 20.28 7.92 31909.76 
4.025 km 1992 Rowland Stone, AR 101.09 20.56 7.91 32108.17 
4.025 km 1992 Roxbury Iron Mine Litchfield, CT 101.23 14.88 2.44 31972.63 
4.025 km 1992 Mine 26 Alexander, IL 96.78 19.34 8.20 31979.34 
4.025 km 1992 Cave Spring Hardin, IL 95.48 19.26 7.25 31958.64 
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4.025 km 1992 Brainerd Jersey, IL 95.13 17.43 6.67 31247.35 
4.025 km 1992 Fogelpole Monroe, IL 94.17 18.18 7.05 31913.93 
4.025 km 1992 Brasher Pope, IL 93.79 19.61 8.15 32041.56 
4.025 km 1992 
Barney Grace 
Mine 
Union, IL 97.59 19.20 8.07 31880.72 
4.025 km 1992 Jason Mine Union, IL 98.26 19.13 8.02 31902.46 
4.025 km 1992 Robinson Ladder Crawford, IN 91.07 18.31 5.80 31530.57 
4.025 km 1992 
Saltpeter-
Crawford 
Crawford, IN 90.07 18.75 5.96 31349.01 
4.025 km 1992 Wildcat Crawford, IN 90.07 18.75 5.96 31423.23 
4.025 km 1992 Sexton Spring Greene, IN 100.51 17.82 6.22 31224.09 
4.025 km 1992 Binkley Harrison, IN 89.51 19.0 6.45 31850.10 
4.025 km 1992 Swinney Harrison, IN 89.75 18.93 6.25 31523.59 
4.025 km 1992 Wallier Harrison, IN 87.64 18.83 6.78 31506.14 
4.025 km 1992 Gypsy Bill Allen Martin, IN 90.90 17.95 5.88 31210.69 
4.025 km 1992 Buckner Monroe, IN 105.69 17.14 6.34 31213.48 
4.025 km 1992 King Blair/Brinegar Monroe, IN 105.69 17.14 6.34 31179.48 
4.025 km 1992 Leonard Spring Monroe, IN 104.81 17.24 6.38 31327.23 
4.025 km 1992 Salamander Monroe, IN 105.69 17.14 6.34 31177.54 
4.025 km 1992 Saltpeter-Monroe Monroe, IN 105.73 17.16 6.49 31386.76 
4.025 km 1992 Endless 
Washington, 
IN 
90.64 17.76 5.77 31368.86 
4.025 km 1992 Panther/Neyman 
Washington, 
IN 
90.60 17.68 5.78 31471.14 
4.025 km 1992 River 
Washington, 
IN 
90.64 17.76 5.77 31378.99 
4.025 km 1992 Indian Barren, KY 93.16 19.75 7.18 32385.40 
4.025 km 1992 Big Bat 
Breckinridge, 
KY 
89.91 18.79 6.93 21488.81 
4.025 km 1992 Buzzard 
Breckinridge, 
KY 
87.55 18.88 7.24 31674.14 
4.025 km 1992 Penitentiary 
Breckinridge, 
KY 
87.55 18.88 7.24 31680.54 
4.025 km 1992 Carter City Caves Carter, KY 82.34 18.40 4.26 31163.92 
4.025 km 1992 Cascade Carter, KY 86.67 18.42 4.20 31591.50 
4.025 km 1992 Bob Overton Christian, KY 89.18 19.72 8.03 31964.41 
4.025 km 1992 Bat Edmonson, KY 91.86 19.66 6.53 32026.99 
4.025 km 1992 
Beckner's 
Saltpeter 
Edmonson, KY 92.17 19.74 7.16 32532.97 
4.025 km 1992 Mammoth Cave Edmonson, KY 92.91 19.63 6.91 32052.98 
4.025 km 1992 Prairie Hall Estill, KY 92.82 18.51 6.89 31934.43 
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4.025 km 1992 Wilson Hart, KY 93.45 19.58 6.77 31970.11 
4.025 km 1992 Bowman Saltpeter Jackson, KY 98.01 17.91 6.22 32567.21 
4.025 km 1992 Cedar Post Jackson, KY 98.03 17.82 5.15 31953.48 
4.025 km 1992 John Henry Jackson, KY 98.39 17.65 5.70 32545.07 
4.025 km 1992 Misty Jackson, KY 97.90 17.50 4.98 31913.41 
4.025 km 1992 String Jackson, KY 99.10 17.70 5.36 32132.76 
4.025 km 1992 War Fork Jackson, KY 98.03 17.82 5.15 31862.72 
4.025 km 1992 Armine Branch Lee, KY 95.77 18.58 6.02 31320.03 
4.025 km 1992 Ash Lee, KY 97.44 18.59 6.07 31617.11 
4.025 km 1992 Bus Stop Lee, KY 95.31 18.55 6.17 31552.96 
4.025 km 1992 Sparkle Lee, KY 96.51 18.61 5.95 31351.84 
4.025 km 1992 Crystal Letcher, KY 104.04 18.98 6.46 31654.93 
4.025 km 1992 Shaw Hill Bat Livingston, KY 94.85 19.06 8.15 32076.81 
4.025 km 1992 Cave Branch Menifee, KY 96.21 18.60 6.44 31158.71 
4.025 km 1992 Hall Sink Menifee, KY 96.21 18.60 6.44 31314.71 
4.025 km 1992 Well Menifee, KY 96.21 18.60 6.44 31262.13 
4.025 km 1992 Minton Hollow Pulaski, KY 99.63 19.07 6.49 32326.18 
4.025 km 1992 South Goldson Pulaski, KY 99.52 19.09 6.53 32082.42 
4.025 km 1992 Climax Rockcastle, KY 98.47 18.06 6.37 32267.82 
4.025 km 1992 Goochland Rockcastle, KY 98.47 18.06 6.37 32290.06 
4.025 km 1992 
Humongous 
Canyon 
Rockcastle, KY 99.47 18.28 6.36 32185.18 
4.025 km 1992 
Sinks of 
Roundstone 
Rockcastle, KY 99.47 18.28 6.36 32063.18 
4.025 km 1992 Twin Springs Rockcastle, KY 99.09 18.19 6.36 32042.23 
4.025 km 1992 Big Sulphur Trigg, KY 91.93 19.60 8.29 32643.43 
4.025 km 1992 Cool Springs Trigg, KY 92.30 19.68 8.38 32578.85 
4.025 km 1992 Limestone Whitley, KY 100.69 18.92 5.93 32644.0 
4.025 km 1992 
Chester Emery 
Mine 
Hampden, MA 92.55 15.41 3.70 29257.11 
4.025 km 1992 Devil's Icebox Boone, MO 99.82 17.36 6.59 31469.85 
4.025 km 1992 Rocheport Boone, MO 97.06 17.26 6.37 31364.43 
4.025 km 1992 Carroll Camden, MO 101.18 18.68 7.01 32157.67 
4.025 km 1992 River Camden, MO 104.08 18.84 7.52 31759.51 
4.025 km 1992 Toby Camden, MO 104.90 18.38 6.86 31914.04 
4.025 km 1992 Panther Spring Carter, MO 97.05 19.92 7.34 31988.90 
4.025 km 1992 Bat Crawford, MO 104.74 18.90 4.49 31619.34 
4.025 km 1992 Saloon Crawford, MO 104.05 18.86 4.96 31723.97 
4.025 km 1992 Watson Dent, MO 101.50 19.05 6.02 32310.32 
4.025 km 1992 Mushroom Franklin, MO 102.23 18.53 5.89 31632.37 
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4.025 km 1992 Cave Hollow Iron, MO 101.83 18.79 6.71 32608.22 
4.025 km 1992 Coffin Laclede, MO 100.68 18.51 7.01 31947.99 
4.025 km 1992 Mary Lawson Laclede, MO 101.80 18.63 7.27 32069.18 
4.025 km 1992 Slaven Laclede, MO 102.53 18.72 7.37 31848.89 
4.025 km 1992 Bruce Pulaski, MO 102.72 18.75 6.05 31854.86 
4.025 km 1992 Davis Cave No. 2 Pulaski, MO 100.54 18.72 6.41 32322.85 
4.025 km 1992 Joy Pulaski, MO 100.54 18.72 6.41 32356.28 
4.025 km 1992 Knife Pulaski, MO 99.93 18.82 6.42 32334.95 
4.025 km 1992 Onyx Pulaski, MO 102.63 18.88 6.12 31836.87 
4.025 km 1992 Piquet Pulaski, MO 102.73 18.75 6.61 32293.48 
4.025 km 1992 Marvel Shannon, MO 98.87 19.40 6.89 31861.57 
4.025 km 1992 Tyson Quarry St. Louis, MO 104.90 18.08 7.14 31090.66 
4.025 km 1992 Dunvin Texas, MO 103.88 18.16 6.08 32645.98 
4.025 km 1992 Smittle Wright, MO 99.19 18.21 6.53 32853.16 
4.025 km 1992 Hibernia Mine Morris, NJ 104.63 15.80 3.36 30090.32 
4.025 km 1992 Taylor Mine Morris, NJ 102.50 15.72 3.23 30132.12 
4.025 km 1992 
Lawrenceville 
Mine 
Ulster, NY 90.68 14.45 3.68 30111.22 
4.025 km 1992 
Bennet Hill - 
Hitchcock Mine 
Warren, NY 83.14 11.29 -1.25 28542.03 
4.025 km 1992 
Main Graphite 
Mine 
Warren, NY 89.08 11.17 -0.98 28967.45 
4.025 km 1992 Ironton Mine Lawrence, OH 80.73 18.53 6.67 31055.90 
4.025 km 1992 Long Run Mine Armstrong, PA 87.26 15.48 3.08 30436.10 
4.025 km 1992 Hipple Cave Bedford, PA 84.86 14.69 4.26 31083.02 
4.025 km 1992 Sharer Cave Centre, PA 89.62 13.67 3.44 30709.80 
4.025 km 1992 Aitkin Cave Mifflin, PA 89.87 14.13 3.69 30191.75 
4.025 km 1992 
S Penn RR Tunnel - 
Allegheny  Mtn 
Somerset, PA 95.72 13.52 2.53 32218.05 
4.025 km 1992 Bull Cave Blount, TN 115.90 19.56 6.13 32892.50 
4.025 km 1992 Zarathustra Cave Fentress, TN 110.62 18.66 7.30 29490.23 
4.025 km 1992 Indian Cave Grainger, TN 91.22 19.83 7.47 33209.23 
4.025 km 1992 Blue Spring Cave 
Montgomery, 
TN 
91.47 20.64 7.28 32740.09 
4.025 km 1992 Coleman Cave 
Montgomery, 
TN 
91.51 20.13 7.98 32538.22 
4.025 km 1992 Alexander Cave Perry, TN 99.07 20.79 7.47 32710.52 
4.025 km 1992 Tobaccoport Cave Stewart, TN 95.91 19.71 8.32 32353.01 
4.025 km 1992 Clark's Cave Bath, VA 86.86 17.67 4.55 32588.53 
4.025 km 1992 Starr Chapel Bath, VA 84.52 15.93 3.65 32958.62 
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Saltpeter 
4.025 km 1992 Newberry -Bane Bland, VA 87.08 16.62 4.79 33581.19 
4.025 km 1992 
Hupman's 
Saltpeter 
Highland, VA 89.19 16.38 3.64 32383.66 
4.025 km 1992 
Grassy Springs 
Cave 
Lee, VA 98.98 18.73 6.18 33050.54 
4.025 km 1992 Aeolus Bat Cave 
Bennington , 
VT 
94.50 10.82 -1.58 28911.43 
4.025 km 1992 Skinner Hollow 
Bennington , 
VT 
110.41 10.73 -1.11 29091.13 
4.025 km 1992 
Brandon Silver 
Mine 
Rutland, VT 82.82 11.06 -1.15 28878.59 
4.025 km 1992 Nickwackett Rutland, VT 82.82 11.06 -1.15 28982.71 
4.025 km 1992 Plymouth Windsor, VT 99.77 10.21 -2.79 29047.82 
4.025 km 1992 Piercys 
Greenbrier, 
WV 
79.54 16.58 3.95 32911.46 
4.025 km 1992 
Greenville 
Saltpeter 
Monroe, WV 74.49 17.26 4.70 33055.98 
4.025 km 1992 Minor Rexrode 
Pendleton, 
WV 
79.14 15.49 2.95 32138.43 
4.025 km 1992 Marthas 
Pocahontas, 
WV 
91.15 15.24 2.82 33696.41 
4.025 km 1992 Snedegars 
Pocahontas, 
WV 
92.74 15.39 2.90 33634.40 
4.025 km 1992 Cornwell Preston, WV 96.81 14.81 3.64 31446.05 
4.025 km 1992 Fortlick Randolph, WV 116.09 14.43 2.60 33034.34 
4.025 km 1992 Izaak Walton Randolph, WV 102.96 14.44 2.46 32690.77 
4.025 km 1992 Stewart Run Randolph, WV 108.15 13.65 2.29 33418.33 
4.025 km 1992 
Arbogast/Cave 
Hollow 
Tucker, WV 102.60 14.96 2.59 31824.04 
4.025 km 1992 Big Springs Tucker, WV 97.54 15.55 3.07 31359.29 
4.025 km 1992 Armstrong Lawrence, AL 108.17 21.36 9.32 33799.50 
4.025 km 1992 Chimney Rock Barry, MO 116.86 18.67 6.35 32850.52 
4.025 km 1992 Kelley Ridge Cave Blount, TN 115.90 19.56 6.13 32439.86 
4.025 km 1992 
Cobb Creek 
Saltpetre Cave 
Fentress, TN 109.77 18.69 7.17 33265.76 
4.025 km 1992 
Dragon's Breath 
Cave 
Fentress, TN 110.62 18.66 7.30 32847.81 
4.025 km 1992 Nickajack Cave Marion, TN 105.93 20.75 8.19 33212.07 
4.025 km 1992 Camps Gulf Cave Van Buren, TN 109.54 18.94 7.22 33478.59 
4.025 km 1992 Wind Wayne, KY 109.58 18.72 7.26 32254.24 
4.025 km 1992 Bull Mine Orange, NY 92.09 15.24 3.93 29398.99 
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8.05 km 1992 
Unimin - Magazine 
Mine 
Alexander, IL 96.99 19.29 8.17 31597.05 
8.05 km 1992 Batwing Crawford, IN 91.03 18.43 5.79 31338.34 
8.05 km 1992 Wyandotte Crawford, IN 90.08 18.75 5.99 31232.63 
8.05 km 1992 Ray's Greene, IN 102.89 17.69 6.21 30818.32 
8.05 km 1992 Jug Hole Harrison, IN 89.65 18.89 6.37 31164.38 
8.05 km 1992 Twin Domes Harrison, IN 90.0 18.77 6.04 31273.69 
8.05 km 1992 Coon Monroe, IN 105.50 17.14 6.29 31025.44 
8.05 km 1992 Grotto Monroe, IN 105.50 17.14 6.29 31055.83 
8.05 km 1992 
Bat (Carter Caves 
SRP) 
Carter, KY 86.40 18.41 4.21 30844.68 
8.05 km 1992 Dixon Edmonson, KY 93.06 19.63 6.83 31746.63 
8.05 km 1992 Pilot Knob Mine Iron, MO 105.66 17.99 7.04 32302.89 
8.05 km 1992 Great Scott 
Washington, 
MO 
102.67 18.73 5.45 31477.55 
8.05 km 1992 
Walter Williams 
Preserve Mine 
Ulster, NY 93.46 14.38 3.66 28826.31 
8.05 km 1992 
Williams Hotel 
Mine 
Ulster, NY 93.79 14.40 3.60 28791.11 
8.05 km 1992 
White Oak 
Blowhole 
Blount, TN 116.84 19.20 5.90 31593.33 
8.05 km 1992 Hellhole 
Pendleton, 
WV 
74.08 15.71 3.03 31235.56 
8.05 km 1992 Coach Edmonson, KY 92.42 19.78 7.21 32218.47 
8.05 km 1992 Long Edmonson, KY 92.72 19.72 7.10 32077.98 
8.05 km 1992 Line Fork Letcher, KY 103.39 18.81 6.38 30593.89 
8.05 km 1992 Onyx Crawford, MO 103.06 18.78 5.29 31469.05 
8.05 km 1992 
Copper Hollow 
Sink 
Franklin, MO 102.51 18.53 5.88 31494.76 
8.05 km 1992 Brooks Pulaski, MO 101.21 18.74 6.34 32160.10 
8.05 km 1992 Ryden Pulaski, MO 102.36 18.53 6.22 31949.26 
8.05 km 1992 Horsethief Madison, AR 109.23 20.20 7.18 33157.98 
8.05 km 1992 Cave Mountain Newton, AR 107.06 18.85 8.33 32998.0 
8.05 km 1992 Edgeman Newton, AR 107.06 18.85 8.33 32884.91 
8.05 km 1992 Horseshoe Newton, AR 103.80 19.13 8.25 32632.63 
8.05 km 1992 Unimin - Mine 30 Alexander, IL 96.87 19.31 8.15 31456.01 
8.05 km 1992 Griffith Hardin, IL 96.42 19.26 7.46 31761.66 
8.05 km 1992 Gutherie Hardin, IL 96.42 19.26 7.46 31758.93 
8.05 km 1992 Toothless Jackson, IL 98.28 18.69 7.62 31467.10 
8.05 km 1992 Blackball Mine LaSalle, IL 80.14 14.81 3.96 29937.02 
8.05 km 1992 Ellis Pope, IL 96.30 19.31 7.46 31771.13 
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8.05 km 1992 Parker's Pit Harrison, IN 89.84 18.85 6.19 31219.80 
8.05 km 1992 B&O 
Breckinridge, 
KY 
86.51 18.92 7.16 31702.61 
8.05 km 1992 Norton Valley 
Breckinridge, 
KY 
87.93 18.85 7.33 31443.36 
8.05 km 1992 Thornhill 
Breckinridge, 
KY 
88.96 18.82 6.97 31879.81 
8.05 km 1992 Laurel Carter, KY 86.40 18.41 4.21 30825.64 
8.05 km 1992 Saltpeter Carter, KY 86.40 18.41 4.21 30841.28 
8.05 km 1992 Colossal Edmonson, KY 93.06 19.63 6.83 31797.58 
8.05 km 1992 Jesse James Edmonson, KY 92.45 19.82 7.27 32229.92 
8.05 km 1992 Morton Estill, KY 94.11 18.56 6.56 30687.17 
8.05 km 1992 
Frenchman's Knob 
Pit 
Hart, KY 95.26 19.29 7.15 31936.51 
8.05 km 1992 Wind Jackson, KY 98.09 17.84 5.18 31062.28 
8.05 km 1992 Cave Hollow Lee, KY 95.71 18.61 6.05 30668.11 
8.05 km 1992 Stillhouse Lee, KY 95.14 18.59 6.23 30680.08 
8.05 km 1992 Green Letcher, KY 113.36 18.44 6.20 30883.54 
8.05 km 1992 Little Amos Menifee, KY 96.13 18.57 6.52 30395.14 
8.05 km 1992 Smokehole Rockcastle, KY 98.73 18.10 6.28 31480.03 
8.05 km 1992 Waterfall Rockcastle, KY 99.13 18.18 6.30 31402.41 
8.05 km 1992 Bear Franklin, MO 102.51 18.53 5.88 31512.24 
8.05 km 1992 Great Spirit Pulaski, MO 100.01 18.97 6.43 32018.25 
8.05 km 1992 Tunnel Pulaski, MO 101.39 19.02 6.49 31847.49 
8.05 km 1992 Cookstove Shannon, MO 98.21 19.20 6.84 31701.14 
8.05 km 1992 Martin # 1 Shannon, MO 98.81 19.37 6.86 31624.12 
8.05 km 1992 Mose Prater Shannon, MO 95.27 19.06 6.58 31542.79 
8.05 km 1992 Powder Mill Shannon, MO 99.87 19.31 6.87 31653.40 
8.05 km 1992 Hamilton 
Washington, 
MO 
102.34 18.62 5.75 31357.73 
8.05 km 1992 Scotia Hollow 
Washington, 
MO 
102.98 18.78 5.38 31423.31 
8.05 km 1992 Barton Hill Mine Essex, NY 78.86 11.65 -0.79 28217.15 
8.05 km 1992 Glen Park Cave Jefferson, NY 90.14 12.28 0.91 28426.04 
8.05 km 1992 
Jamesville Quarry 
Cave 
Onondaga, NY 92.64 12.79 2.05 28875.83 
8.05 km 1992 
Williams Lake 
Mine 
Ulster, NY 93.79 14.40 3.60 28784.77 
8.05 km 1992 
Lewisburg 
Limestone Mine 
Preble, OH 86.83 15.60 4.95 31500.88 
8.05 km 1992 Canoe Creek Mine Blair, PA 89.10 14.25 3.90 30308.29 
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8.05 km 1992 Penns Cave Centre, PA 90.08 13.64 3.44 30303.82 
8.05 km 1992 
New Mammoth 
Cave 
Campbell, TN 107.55 18.36 5.36 31973.56 
8.05 km 1992 Wolf River Cave Fentress, TN 107.56 18.79 7.27 32214.78 
8.05 km 1992 Pearson Cave Hawkins, TN 88.15 18.94 6.20 31528.19 
8.05 km 1992 Bellamy 
Montgomery, 
TN 
91.74 20.11 7.97 32417.55 
8.05 km 1992 
Cumberland Gap 
Saltpeter 
Lee, VA 97.82 18.73 6.23 32063.55 
8.05 km 1992 
Higgenbotham No 
1 
Tazewell, VA 90.52 16.48 4.46 33226.54 
8.05 km 1992 Rocky Hollow Cave Wise, VA 95.45 17.15 6.05 31467.06 
8.05 km 1992 Trout 
Pendleton, 
WV 
76.75 15.52 2.93 31774.02 
8.05 km 1992 Fern Jackson, AL 113.82 21.07 8.90 33499.80 
8.05 km 1992 Sauta Jackson, AL 106.88 21.68 8.53 33580.71 
8.05 km 1992 War Eagle Cavern Benton, AR 112.21 19.64 7.41 32892.69 
8.05 km 1992 
Rosson Hollow 
Crevices 
Franklin, AR 117.84 21.09 8.43 32998.33 
8.05 km 1992 Hankins 
Independence
, AR 
105.06 21.37 8.57 32465.16 
8.05 km 1992 Corkscrew Newton, AR 103.09 19.74 7.97 32924.07 
8.05 km 1992 Fitton Newton, AR 111.35 18.60 8.0 32943.47 
8.05 km 1992 Wolf Creek Newton, AR 111.35 18.60 8.0 32943.47 
8.05 km 1992 Amphitheatre Stone, AR 102.31 20.53 7.92 31920.36 
8.05 km 1992 Barkshed Saltpetre Stone, AR 102.83 20.21 7.88 32016.18 
8.05 km 1992 Biology Stone, AR 103.34 20.38 7.82 31869.63 
8.05 km 1992 Gustafson Stone, AR 102.83 20.21 7.88 31901.66 
8.05 km 1992 Hidden Springs Stone, AR 102.31 20.53 7.92 31927.25 
8.05 km 1992 Rowland Stone, AR 101.23 20.55 7.95 32015.25 
8.05 km 1992 Roxbury Iron Mine Litchfield, CT 100.86 14.90 2.53 28575.95 
8.05 km 1992 Mine 26 Alexander, IL 96.99 19.29 8.17 32027.97 
8.05 km 1992 Cave Spring Hardin, IL 95.73 19.28 7.32 31925.37 
8.05 km 1992 Brainerd Jersey, IL 94.95 17.47 6.64 31179.15 
8.05 km 1992 Fogelpole Monroe, IL 94.28 18.26 7.02 31846.45 
8.05 km 1992 Brasher Pope, IL 93.74 19.55 8.18 32156.98 
8.05 km 1992 
Barney Grace 
Mine 
Union, IL 97.52 19.23 8.11 31928.16 
8.05 km 1992 Jason Mine Union, IL 98.18 19.16 8.05 31924.31 
8.05 km 1992 Robinson Ladder Crawford, IN 91.08 18.30 5.81 31609.83 
8.05 km 1992 Saltpeter- Crawford, IN 90.08 18.75 5.99 31480.28 
Table 65.  continued.  
 
183 
 
Extent Year 
Hibernaculum 
Name 
County, State PPT TMAX TMIN INSO 
Crawford 
8.05 km 1992 Wildcat Crawford, IN 90.08 18.75 5.99 31486.11 
8.05 km 1992 Sexton Spring Greene, IN 100.49 17.77 6.20 31227.24 
8.05 km 1992 Binkley Harrison, IN 89.49 19.01 6.66 31925.82 
8.05 km 1992 Swinney Harrison, IN 89.68 18.91 6.29 31648.56 
8.05 km 1992 Wallier Harrison, IN 88.04 18.86 6.84 31768.95 
8.05 km 1992 Gypsy Bill Allen Martin, IN 90.92 17.95 5.88 31176.58 
8.05 km 1992 Buckner Monroe, IN 105.50 17.14 6.29 31224.45 
8.05 km 1992 King Blair/Brinegar Monroe, IN 105.50 17.14 6.29 31216.11 
8.05 km 1992 Leonard Spring Monroe, IN 104.62 17.26 6.33 31294.99 
8.05 km 1992 Salamander Monroe, IN 105.50 17.14 6.29 31225.06 
8.05 km 1992 Saltpeter-Monroe Monroe, IN 105.48 17.15 6.39 31287.14 
8.05 km 1992 Endless 
Washington, 
IN 
90.71 17.77 5.75 31410.50 
8.05 km 1992 Panther/Neyman 
Washington, 
IN 
90.68 17.70 5.76 31608.13 
8.05 km 1992 River 
Washington, 
IN 
90.71 17.77 5.75 31412.33 
8.05 km 1992 Indian Barren, KY 92.98 19.76 7.18 32405.04 
8.05 km 1992 Big Bat 
Breckinridge, 
KY 
89.79 18.79 6.90 23816.63 
8.05 km 1992 Buzzard 
Breckinridge, 
KY 
87.64 18.88 7.24 31751.49 
8.05 km 1992 Penitentiary 
Breckinridge, 
KY 
87.64 18.88 7.24 31755.62 
8.05 km 1992 Carter City Caves Carter, KY 82.37 18.39 4.25 31342.38 
8.05 km 1992 Cascade Carter, KY 86.40 18.41 4.21 31523.59 
8.05 km 1992 Bob Overton Christian, KY 89.26 19.73 8.03 32090.62 
8.05 km 1992 Bat Edmonson, KY 91.87 19.68 6.54 32177.12 
8.05 km 1992 
Beckner's 
Saltpeter 
Edmonson, KY 92.16 19.75 7.16 32476.60 
8.05 km 1992 Mammoth Cave Edmonson, KY 93.06 19.63 6.83 32137.41 
8.05 km 1992 Prairie Hall Estill, KY 92.08 18.57 6.67 31557.19 
8.05 km 1992 Wilson Hart, KY 93.51 19.59 6.78 32107.47 
8.05 km 1992 Bowman Saltpeter Jackson, KY 97.52 17.95 6.16 32190.21 
8.05 km 1992 Cedar Post Jackson, KY 98.09 17.84 5.18 32005.05 
8.05 km 1992 John Henry Jackson, KY 98.16 17.73 5.74 32258.08 
8.05 km 1992 Misty Jackson, KY 97.82 17.56 5.05 31953.67 
8.05 km 1992 String Jackson, KY 98.99 17.77 5.48 32291.78 
8.05 km 1992 War Fork Jackson, KY 98.09 17.84 5.18 31941.26 
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8.05 km 1992 Armine Branch Lee, KY 95.71 18.61 6.05 31542.69 
8.05 km 1992 Ash Lee, KY 96.39 18.61 6.22 31701.27 
8.05 km 1992 Bus Stop Lee, KY 95.14 18.59 6.23 31690.08 
8.05 km 1992 Sparkle Lee, KY 96.82 18.58 5.93 31519.21 
8.05 km 1992 Crystal Letcher, KY 103.39 18.81 6.38 31659.98 
8.05 km 1992 Shaw Hill Bat Livingston, KY 94.86 19.15 8.14 32153.24 
8.05 km 1992 Cave Branch Menifee, KY 95.70 18.61 6.42 31351.64 
8.05 km 1992 Hall Sink Menifee, KY 95.70 18.61 6.42 31476.95 
8.05 km 1992 Well Menifee, KY 95.70 18.61 6.42 31457.47 
8.05 km 1992 Minton Hollow Pulaski, KY 99.36 19.07 6.47 32250.87 
8.05 km 1992 South Goldson Pulaski, KY 99.35 19.08 6.50 32256.30 
8.05 km 1992 Climax Rockcastle, KY 98.26 18.01 6.23 32230.99 
8.05 km 1992 Goochland Rockcastle, KY 98.26 18.01 6.23 32260.24 
8.05 km 1992 
Humongous 
Canyon 
Rockcastle, KY 99.46 18.28 6.33 32093.60 
8.05 km 1992 
Sinks of 
Roundstone 
Rockcastle, KY 99.46 18.28 6.33 32124.53 
8.05 km 1992 Twin Springs Rockcastle, KY 99.13 18.18 6.30 32155.53 
8.05 km 1992 Big Sulphur Trigg, KY 91.86 19.58 8.27 32694.49 
8.05 km 1992 Cool Springs Trigg, KY 92.14 19.65 8.36 32596.54 
8.05 km 1992 Limestone Whitley, KY 100.54 18.91 5.92 32413.89 
8.05 km 1992 
Chester Emery 
Mine 
Hampden, MA 93.14 15.34 3.65 29323.18 
8.05 km 1992 Devil's Icebox Boone, MO 99.91 17.38 6.56 31392.92 
8.05 km 1992 Rocheport Boone, MO 97.08 17.23 6.44 31324.64 
8.05 km 1992 Carroll Camden, MO 101.23 18.68 7.01 32233.80 
8.05 km 1992 River Camden, MO 103.96 18.80 7.47 31864.88 
8.05 km 1992 Toby Camden, MO 104.69 18.40 6.84 31791.82 
8.05 km 1992 Panther Spring Carter, MO 97.16 19.88 7.28 32212.07 
8.05 km 1992 Bat Crawford, MO 104.73 18.91 4.54 31804.62 
8.05 km 1992 Saloon Crawford, MO 104.04 18.85 4.93 31779.20 
8.05 km 1992 Watson Dent, MO 101.51 19.08 5.98 32366.40 
8.05 km 1992 Mushroom Franklin, MO 102.51 18.53 5.88 31809.82 
8.05 km 1992 Cave Hollow Iron, MO 101.57 18.82 6.66 32553.14 
8.05 km 1992 Coffin Laclede, MO 100.72 18.51 6.97 32146.68 
8.05 km 1992 Mary Lawson Laclede, MO 101.85 18.63 7.21 32013.24 
8.05 km 1992 Slaven Laclede, MO 102.55 18.69 7.31 31852.55 
8.05 km 1992 Bruce Pulaski, MO 102.88 18.71 6.13 31969.56 
8.05 km 1992 Davis Cave No. 2 Pulaski, MO 100.63 18.70 6.40 32491.32 
8.05 km 1992 Joy Pulaski, MO 100.63 18.70 6.40 32527.45 
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8.05 km 1992 Knife Pulaski, MO 99.96 18.82 6.43 32420.77 
8.05 km 1992 Onyx Pulaski, MO 102.59 18.82 6.15 31962.81 
8.05 km 1992 Piquet Pulaski, MO 102.75 18.75 6.61 32274.56 
8.05 km 1992 Marvel Shannon, MO 98.59 19.32 6.87 32113.49 
8.05 km 1992 Tyson Quarry St. Louis, MO 104.59 18.06 7.05 31285.14 
8.05 km 1992 Dunvin Texas, MO 103.91 18.14 6.12 32706.51 
8.05 km 1992 Smittle Wright, MO 99.43 18.24 6.54 32909.76 
8.05 km 1992 Hibernia Mine Morris, NJ 104.29 15.80 3.37 30104.41 
8.05 km 1992 Taylor Mine Morris, NJ 102.99 15.71 3.21 30124.80 
8.05 km 1992 
Lawrenceville 
Mine 
Ulster, NY 93.79 14.40 3.60 31947.02 
8.05 km 1992 
Bennet Hill - 
Hitchcock Mine 
Warren, NY 83.41 11.29 -1.23 28485.81 
8.05 km 1992 
Main Graphite 
Mine 
Warren, NY 86.31 11.40 -0.72 28744.12 
8.05 km 1992 Ironton Mine Lawrence, OH 80.63 18.48 6.57 31114.15 
8.05 km 1992 Long Run Mine Armstrong, PA 87.25 15.51 3.13 30615.50 
8.05 km 1992 Hipple Cave Bedford, PA 85.80 14.71 4.24 31066.89 
8.05 km 1992 Sharer Cave Centre, PA 88.67 13.76 3.49 30591.0 
8.05 km 1992 Aitkin Cave Mifflin, PA 92.99 14.07 3.66 30420.73 
8.05 km 1992 
S Penn RR Tunnel - 
Allegheny  Mtn 
Somerset, PA 93.47 13.64 2.42 32228.60 
8.05 km 1992 Bull Cave Blount, TN 115.33 19.54 6.17 32994.31 
8.05 km 1992 Zarathustra Cave Fentress, TN 110.16 18.66 7.27 29925.69 
8.05 km 1992 Indian Cave Grainger, TN 91.47 19.81 7.44 33280.58 
8.05 km 1992 Blue Spring Cave 
Montgomery, 
TN 
91.59 20.60 7.35 32712.12 
8.05 km 1992 Coleman Cave 
Montgomery, 
TN 
91.74 20.11 7.97 32660.68 
8.05 km 1992 Alexander Cave Perry, TN 99.07 20.79 7.48 32747.13 
8.05 km 1992 Tobaccoport Cave Stewart, TN 95.92 19.69 8.31 32386.64 
8.05 km 1992 Clark's Cave Bath, VA 88.60 17.38 4.39 32698.85 
8.05 km 1992 
Starr Chapel 
Saltpeter 
Bath, VA 88.57 15.54 3.31 32896.31 
8.05 km 1992 Newberry -Bane Bland, VA 88.37 16.62 4.80 33673.0 
8.05 km 1992 
Hupman's 
Saltpeter 
Highland, VA 90.29 16.26 3.58 32539.30 
8.05 km 1992 
Grassy Springs 
Cave 
Lee, VA 97.82 18.73 6.23 32831.30 
8.05 km 1992 Aeolus Bat Cave 
Bennington , 
VT 
103.68 10.68 -1.55 29183.30 
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8.05 km 1992 Skinner Hollow 
Bennington , 
VT 
101.93 10.93 -1.06 28740.36 
8.05 km 1992 
Brandon Silver 
Mine 
Rutland, VT 83.0 11.02 -1.13 28894.97 
8.05 km 1992 Nickwackett Rutland, VT 83.0 11.02 -1.13 29033.27 
8.05 km 1992 Plymouth Windsor, VT 100.92 10.16 -2.75 29500.31 
8.05 km 1992 Piercys 
Greenbrier, 
WV 
80.44 16.47 3.86 33054.92 
8.05 km 1992 
Greenville 
Saltpeter 
Monroe, WV 75.25 17.22 4.74 33076.77 
8.05 km 1992 Minor Rexrode 
Pendleton, 
WV 
79.21 15.41 2.91 32327.34 
8.05 km 1992 Marthas 
Pocahontas, 
WV 
94.10 15.05 2.69 33450.96 
8.05 km 1992 Snedegars 
Pocahontas, 
WV 
93.37 15.32 2.87 33383.67 
8.05 km 1992 Cornwell Preston, WV 96.06 14.85 3.64 31627.59 
8.05 km 1992 Fortlick Randolph, WV 117.30 14.39 2.61 33084.93 
8.05 km 1992 Izaak Walton Randolph, WV 101.37 14.48 2.46 32882.30 
8.05 km 1992 Stewart Run Randolph, WV 109.27 13.62 2.32 33480.07 
8.05 km 1992 
Arbogast/Cave 
Hollow 
Tucker, WV 103.33 14.94 2.54 32255.62 
8.05 km 1992 Big Springs Tucker, WV 97.74 15.49 3.02 31719.76 
8.05 km 1992 Armstrong Lawrence, AL 107.95 21.42 9.35 33918.60 
8.05 km 1992 Chimney Rock Barry, MO 116.75 18.68 6.32 32950.89 
8.05 km 1992 Kelley Ridge Cave Blount, TN 115.33 19.54 6.17 33091.16 
8.05 km 1992 
Cobb Creek 
Saltpetre Cave 
Fentress, TN 110.16 18.66 7.27 33520.42 
8.05 km 1992 
Dragon's Breath 
Cave 
Fentress, TN 110.16 18.66 7.27 33230.19 
8.05 km 1992 Nickajack Cave Marion, TN 106.86 20.69 8.11 33599.55 
8.05 km 1992 Camps Gulf Cave Van Buren, TN 110.08 18.93 7.21 33694.25 
8.05 km 1992 Wind Wayne, KY 107.90 18.77 7.25 32558.46 
8.05 km 1992 Bull Mine Orange, NY 92.13 15.22 3.79 29485.53 
4.025 km 2001 
Unimin - Magazine 
Mine 
Alexander, IL 120.13 60.10 8.27 31931.94 
4.025 km 2001 Batwing Crawford, IN 103.96 52.01 6.75 31473.04 
4.025 km 2001 Wyandotte Crawford, IN 105.47 52.76 6.97 31332.16 
4.025 km 2001 Ray's Greene, IN 103.03 51.54 7.14 31014.25 
4.025 km 2001 Jug Hole Harrison, IN 104.61 52.34 7.37 31525.82 
4.025 km 2001 Twin Domes Harrison, IN 103.93 51.99 7.05 31347.59 
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4.025 km 2001 Coon Monroe, IN 106.48 53.27 6.69 31107.12 
4.025 km 2001 Grotto Monroe, IN 106.48 53.27 6.69 31163.23 
4.025 km 2001 
Bat (Carter Caves 
SRP) 
Carter, KY 92.25 46.15 5.91 31619.03 
4.025 km 2001 Dixon Edmonson, KY 110.06 55.06 8.69 32059.50 
4.025 km 2001 Pilot Knob Mine Iron, MO 104.89 52.47 6.89 32421.01 
4.025 km 2001 Great Scott 
Washington, 
MO 
93.54 46.80 5.77 31756.77 
4.025 km 2001 
Walter Williams 
Preserve Mine 
Ulster, NY 90.14 45.10 5.12 28971.52 
4.025 km 2001 
Williams Hotel 
Mine 
Ulster, NY 89.83 44.94 5.25 28911.91 
4.025 km 2001 
White Oak 
Blowhole 
Blount, TN 119.39 59.72 7.24 32607.21 
4.025 km 2001 Hellhole 
Pendleton, 
WV 
79.92 39.99 4.13 31886.37 
4.025 km 2001 Coach Edmonson, KY 110.78 55.42 8.64 32424.0 
4.025 km 2001 Long Edmonson, KY 110.18 55.12 8.72 32332.48 
4.025 km 2001 Line Fork Letcher, KY 98.82 49.44 6.79 31802.80 
4.025 km 2001 Onyx Crawford, MO 93.65 46.86 5.60 31742.98 
4.025 km 2001 
Copper Hollow 
Sink 
Franklin, MO 93.20 46.63 6.26 31683.16 
4.025 km 2001 Brooks Pulaski, MO 90.46 45.26 6.66 32640.34 
4.025 km 2001 Ryden Pulaski, MO 90.89 45.48 6.63 32196.09 
4.025 km 2001 Horsethief Madison, AR 101.01 50.54 8.65 33593.47 
4.025 km 2001 Cave Mountain Newton, AR 109.54 54.80 8.30 32954.98 
4.025 km 2001 Edgeman Newton, AR 109.54 54.80 8.30 33119.24 
4.025 km 2001 Horseshoe Newton, AR 109.15 54.60 8.26 32927.77 
4.025 km 2001 Unimin - Mine 30 Alexander, IL 119.60 59.83 8.28 31948.10 
4.025 km 2001 Griffith Hardin, IL 117.64 58.85 7.63 31939.57 
4.025 km 2001 Gutherie Hardin, IL 117.64 58.85 7.63 31942.60 
4.025 km 2001 Toothless Jackson, IL 109.41 54.73 8.03 31623.60 
4.025 km 2001 Blackball Mine LaSalle, IL 75.95 38.01 4.65 29975.36 
4.025 km 2001 Ellis Pope, IL 117.37 58.71 7.76 31903.01 
4.025 km 2001 Parker's Pit Harrison, IN 104.22 52.14 7.22 31341.50 
4.025 km 2001 B&O 
Breckinridge, 
KY 
113.50 56.78 7.81 31838.72 
4.025 km 2001 Norton Valley 
Breckinridge, 
KY 
115.49 57.78 7.88 31556.86 
4.025 km 2001 Thornhill 
Breckinridge, 
KY 
111.48 55.77 7.72 32017.40 
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4.025 km 2001 Laurel Carter, KY 92.25 46.15 5.91 31609.15 
4.025 km 2001 Saltpeter Carter, KY 92.25 46.15 5.91 31632.44 
4.025 km 2001 Colossal Edmonson, KY 110.06 55.06 8.69 32072.23 
4.025 km 2001 Jesse James Edmonson, KY 110.78 55.42 8.64 32444.94 
4.025 km 2001 Morton Estill, KY 105.08 52.57 7.03 31943.53 
4.025 km 2001 
Frenchman's Knob 
Pit 
Hart, KY 115.48 57.77 8.16 32168.70 
4.025 km 2001 Wind Jackson, KY 100.86 50.46 6.25 31683.29 
4.025 km 2001 Cave Hollow Lee, KY 101.53 50.80 6.82 31493.04 
4.025 km 2001 Stillhouse Lee, KY 102.57 51.31 6.87 31364.68 
4.025 km 2001 Green Letcher, KY 102.01 51.04 6.67 32221.61 
4.025 km 2001 Little Amos Menifee, KY 109.60 54.83 7.62 31403.54 
4.025 km 2001 Smokehole Rockcastle, KY 104.82 52.44 7.43 32261.70 
4.025 km 2001 Waterfall Rockcastle, KY 104.81 52.44 7.40 32010.95 
4.025 km 2001 Bear Franklin, MO 93.20 46.63 6.26 31709.36 
4.025 km 2001 Great Spirit Pulaski, MO 89.68 44.87 6.60 32291.34 
4.025 km 2001 Tunnel Pulaski, MO 88.92 44.49 6.55 32144.58 
4.025 km 2001 Cookstove Shannon, MO 100.64 50.35 6.37 32105.25 
4.025 km 2001 Martin # 1 Shannon, MO 101.61 50.84 6.40 31821.12 
4.025 km 2001 Mose Prater Shannon, MO 97.48 48.77 6.53 31960.44 
4.025 km 2001 Powder Mill Shannon, MO 102.06 51.06 6.38 32030.60 
4.025 km 2001 Hamilton 
Washington, 
MO 
93.47 46.77 6.07 31671.81 
4.025 km 2001 Scotia Hollow 
Washington, 
MO 
93.58 46.82 5.69 31803.44 
4.025 km 2001 Barton Hill Mine Essex, NY 78.57 39.32 0.76 29122.88 
4.025 km 2001 Glen Park Cave Jefferson, NY 77.19 38.62 2.98 28486.51 
4.025 km 2001 
Jamesville Quarry 
Cave 
Onondaga, NY 90.0 45.03 4.0 28810.62 
4.025 km 2001 
Williams Lake 
Mine 
Ulster, NY 89.83 44.94 5.25 28905.41 
4.025 km 2001 
Lewisburg 
Limestone Mine 
Preble, OH 90.56 45.31 5.63 31504.47 
4.025 km 2001 Canoe Creek Mine Blair, PA 78.54 39.30 5.10 30400.41 
4.025 km 2001 Penns Cave Centre, PA 80.73 40.39 4.30 30692.27 
4.025 km 2001 
New Mammoth 
Cave 
Campbell, TN 108.38 54.22 6.06 32577.47 
4.025 km 2001 Wolf River Cave Fentress, TN 117.56 58.81 7.60 32386.16 
4.025 km 2001 Pearson Cave Hawkins, TN 97.97 49.01 6.94 32286.13 
4.025 km 2001 Bellamy 
Montgomery, 
TN 
124.63 62.35 8.81 32533.75 
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4.025 km 2001 
Cumberland Gap 
Saltpeter 
Lee, VA 107.70 53.88 6.84 32806.37 
4.025 km 2001 
Higgenbotham No 
1 
Tazewell, VA 89.04 44.55 4.25 34012.89 
4.025 km 2001 Rocky Hollow Cave Wise, VA 106.25 53.15 6.47 30788.23 
4.025 km 2001 Trout 
Pendleton, 
WV 
76.34 38.20 4.15 31615.37 
4.025 km 2001 Fern Jackson, AL 125.07 62.56 9.16 33279.46 
4.025 km 2001 Sauta Jackson, AL 123.19 61.63 9.25 33439.87 
4.025 km 2001 War Eagle Cavern Benton, AR 101.51 50.78 8.77 33316.16 
4.025 km 2001 
Rosson Hollow 
Crevices 
Franklin, AR 120.61 60.33 8.38 33311.42 
4.025 km 2001 Hankins 
Independence
, AR 
106.95 53.50 9.04 32717.79 
4.025 km 2001 Corkscrew Newton, AR 104.38 52.22 8.30 33308.43 
4.025 km 2001 Fitton Newton, AR 117.72 58.89 8.28 33656.97 
4.025 km 2001 Wolf Creek Newton, AR 117.72 58.89 8.28 33656.97 
4.025 km 2001 Amphitheatre Stone, AR 110.07 55.07 8.27 32547.41 
4.025 km 2001 Barkshed Saltpetre Stone, AR 110.24 55.15 8.17 32561.12 
4.025 km 2001 Biology Stone, AR 110.09 55.08 8.01 32611.12 
4.025 km 2001 Gustafson Stone, AR 110.40 55.23 8.10 32533.23 
4.025 km 2001 Hidden Springs Stone, AR 110.42 55.24 8.30 32607.48 
4.025 km 2001 Rowland Stone, AR 110.68 55.37 8.41 32682.85 
4.025 km 2001 Roxbury Iron Mine Litchfield, CT 94.13 47.09 4.14 29522.19 
4.025 km 2001 Mine 26 Alexander, IL 120.31 60.19 8.35 31980.86 
4.025 km 2001 Cave Spring Hardin, IL 117.87 58.97 7.70 31958.06 
4.025 km 2001 Brainerd Jersey, IL 94.62 47.34 7.14 31246.97 
4.025 km 2001 Fogelpole Monroe, IL 90.29 45.17 7.29 31914.69 
4.025 km 2001 Brasher Pope, IL 113.64 56.85 8.64 32044.13 
4.025 km 2001 
Barney Grace 
Mine 
Union, IL 120.40 60.23 8.22 31882.53 
4.025 km 2001 Jason Mine Union, IL 121.21 60.64 8.17 31901.25 
4.025 km 2001 Robinson Ladder Crawford, IN 103.28 51.67 6.80 31528.45 
4.025 km 2001 
Saltpeter-
Crawford 
Crawford, IN 105.47 52.76 6.97 31346.15 
4.025 km 2001 Wildcat Crawford, IN 105.47 52.76 6.97 31426.38 
4.025 km 2001 Sexton Spring Greene, IN 106.88 53.47 7.27 31223.88 
4.025 km 2001 Binkley Harrison, IN 102.55 51.30 7.34 31849.21 
4.025 km 2001 Swinney Harrison, IN 103.17 51.61 7.28 31524.22 
4.025 km 2001 Wallier Harrison, IN 105.19 52.62 7.38 31507.10 
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4.025 km 2001 Gypsy Bill Allen Martin, IN 106.55 53.31 6.57 31213.58 
4.025 km 2001 Buckner Monroe, IN 106.48 53.27 6.69 31215.59 
4.025 km 2001 King Blair/Brinegar Monroe, IN 106.48 53.27 6.69 31178.40 
4.025 km 2001 Leonard Spring Monroe, IN 107.17 53.62 6.94 31327.41 
4.025 km 2001 Salamander Monroe, IN 106.48 53.27 6.69 31180.07 
4.025 km 2001 Saltpeter-Monroe Monroe, IN 108.01 54.04 6.91 31385.03 
4.025 km 2001 Endless 
Washington, 
IN 
103.23 51.64 7.07 31373.54 
4.025 km 2001 Panther/Neyman 
Washington, 
IN 
101.77 50.91 7.16 31474.62 
4.025 km 2001 River 
Washington, 
IN 
103.23 51.64 7.07 31379.32 
4.025 km 2001 Indian Barren, KY 110.46 55.26 8.75 32385.75 
4.025 km 2001 Big Bat 
Breckinridge, 
KY 
112.05 56.05 7.66 21485.72 
4.025 km 2001 Buzzard 
Breckinridge, 
KY 
114.18 57.12 7.95 31671.37 
4.025 km 2001 Penitentiary 
Breckinridge, 
KY 
114.18 57.12 7.95 31679.53 
4.025 km 2001 Carter City Caves Carter, KY 91.42 45.74 5.51 31164.43 
4.025 km 2001 Cascade Carter, KY 92.25 46.15 5.91 31598.64 
4.025 km 2001 Bob Overton Christian, KY 119.52 59.79 8.69 31966.73 
4.025 km 2001 Bat Edmonson, KY 111.22 55.64 8.25 32031.03 
4.025 km 2001 
Beckner's 
Saltpeter 
Edmonson, KY 110.93 55.49 8.56 32534.19 
4.025 km 2001 Mammoth Cave Edmonson, KY 110.06 55.06 8.69 32057.27 
4.025 km 2001 Prairie Hall Estill, KY 104.99 52.52 7.32 31933.07 
4.025 km 2001 Wilson Hart, KY 111.99 56.03 8.60 31969.73 
4.025 km 2001 Bowman Saltpeter Jackson, KY 104.91 52.49 7.47 32566.48 
4.025 km 2001 Cedar Post Jackson, KY 100.86 50.46 6.25 31957.54 
4.025 km 2001 John Henry Jackson, KY 104.31 52.18 7.07 32549.06 
4.025 km 2001 Misty Jackson, KY 102.13 51.09 6.34 31922.19 
4.025 km 2001 String Jackson, KY 103.47 51.76 6.78 32133.97 
4.025 km 2001 War Fork Jackson, KY 100.86 50.46 6.25 31863.83 
4.025 km 2001 Armine Branch Lee, KY 101.53 50.80 6.82 31324.10 
4.025 km 2001 Ash Lee, KY 101.32 50.69 6.77 31619.93 
4.025 km 2001 Bus Stop Lee, KY 102.57 51.31 6.87 31548.15 
4.025 km 2001 Sparkle Lee, KY 100.84 50.45 6.78 31357.45 
4.025 km 2001 Crystal Letcher, KY 98.82 49.44 6.79 31654.61 
4.025 km 2001 Shaw Hill Bat Livingston, KY 109.62 54.84 8.68 32076.91 
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4.025 km 2001 Cave Branch Menifee, KY 110.04 55.05 7.39 31152.22 
4.025 km 2001 Hall Sink Menifee, KY 110.04 55.05 7.39 31308.66 
4.025 km 2001 Well Menifee, KY 110.04 55.05 7.39 31265.31 
4.025 km 2001 Minton Hollow Pulaski, KY 106.36 53.21 7.39 32325.87 
4.025 km 2001 South Goldson Pulaski, KY 104.91 52.49 7.47 32089.70 
4.025 km 2001 Climax Rockcastle, KY 104.83 52.45 7.45 32267.60 
4.025 km 2001 Goochland Rockcastle, KY 104.83 52.45 7.45 32290.44 
4.025 km 2001 
Humongous 
Canyon 
Rockcastle, KY 104.66 52.36 7.37 32184.75 
4.025 km 2001 
Sinks of 
Roundstone 
Rockcastle, KY 104.66 52.36 7.37 32072.10 
4.025 km 2001 Twin Springs Rockcastle, KY 104.81 52.44 7.40 32034.91 
4.025 km 2001 Big Sulphur Trigg, KY 127.33 63.70 8.70 32643.75 
4.025 km 2001 Cool Springs Trigg, KY 126.40 63.23 8.77 32578.76 
4.025 km 2001 Limestone Whitley, KY 107.50 53.78 6.58 32649.12 
4.025 km 2001 
Chester Emery 
Mine 
Hampden, MA 83.86 41.96 5.08 29258.25 
4.025 km 2001 Devil's Icebox Boone, MO 91.78 45.92 7.07 31469.06 
4.025 km 2001 Rocheport Boone, MO 91.45 45.76 7.13 31363.10 
4.025 km 2001 Carroll Camden, MO 87.58 43.82 7.27 32161.59 
4.025 km 2001 River Camden, MO 88.26 44.16 8.05 31759.56 
4.025 km 2001 Toby Camden, MO 85.97 43.01 7.40 31916.49 
4.025 km 2001 Panther Spring Carter, MO 113.09 56.57 6.84 31988.32 
4.025 km 2001 Bat Crawford, MO 95.46 47.76 5.07 31620.96 
4.025 km 2001 Saloon Crawford, MO 94.39 47.22 5.30 31727.53 
4.025 km 2001 Watson Dent, MO 93.57 46.82 6.48 32317.25 
4.025 km 2001 Mushroom Franklin, MO 93.20 46.63 6.26 31634.40 
4.025 km 2001 Cave Hollow Iron, MO 98.05 49.05 6.61 32610.42 
4.025 km 2001 Coffin Laclede, MO 85.12 42.59 7.74 31949.03 
4.025 km 2001 Mary Lawson Laclede, MO 86.13 43.10 7.83 32068.02 
4.025 km 2001 Slaven Laclede, MO 86.86 43.46 7.87 31848.67 
4.025 km 2001 Bruce Pulaski, MO 90.85 45.46 6.37 31858.69 
4.025 km 2001 Davis Cave No. 2 Pulaski, MO 90.19 45.12 6.77 32323.47 
4.025 km 2001 Joy Pulaski, MO 90.19 45.12 6.77 32358.09 
4.025 km 2001 Knife Pulaski, MO 89.67 44.87 6.72 32335.76 
4.025 km 2001 Onyx Pulaski, MO 90.90 45.48 6.33 31841.29 
4.025 km 2001 Piquet Pulaski, MO 89.02 44.54 6.62 32293.98 
4.025 km 2001 Marvel Shannon, MO 101.61 50.84 6.40 31859.04 
4.025 km 2001 Tyson Quarry St. Louis, MO 89.43 44.75 7.35 31091.13 
4.025 km 2001 Dunvin Texas, MO 93.12 46.59 6.65 32640.24 
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4.025 km 2001 Smittle Wright, MO 88.42 44.24 6.94 32853.03 
4.025 km 2001 Hibernia Mine Morris, NJ 87.80 43.93 4.24 30092.58 
4.025 km 2001 Taylor Mine Morris, NJ 88.76 44.41 4.07 30132.29 
4.025 km 2001 
Lawrenceville 
Mine 
Ulster, NY 89.83 44.94 5.25 29335.81 
4.025 km 2001 
Bennet Hill - 
Hitchcock Mine 
Warren, NY 79.68 39.87 0.64 28539.33 
4.025 km 2001 
Main Graphite 
Mine 
Warren, NY 84.25 42.15 1.12 28966.83 
4.025 km 2001 Ironton Mine Lawrence, OH 84.94 42.50 6.45 31060.66 
4.025 km 2001 Long Run Mine Armstrong, PA 81.97 41.02 4.26 30436.44 
4.025 km 2001 Hipple Cave Bedford, PA 75.63 37.84 4.70 31089.16 
4.025 km 2001 Sharer Cave Centre, PA 80.87 40.46 4.48 30711.14 
4.025 km 2001 Aitkin Cave Mifflin, PA 80.33 40.20 4.77 30199.80 
4.025 km 2001 
S Penn RR Tunnel - 
Allegheny  Mtn 
Somerset, PA 79.56 39.81 3.18 32226.39 
4.025 km 2001 Bull Cave Blount, TN 119.57 59.81 7.56 32899.05 
4.025 km 2001 Zarathustra Cave Fentress, TN 118.44 59.25 7.61 29487.22 
4.025 km 2001 Indian Cave Grainger, TN 103.38 51.72 7.93 33207.77 
4.025 km 2001 Blue Spring Cave 
Montgomery, 
TN 
116.35 58.21 8.57 32739.10 
4.025 km 2001 Coleman Cave 
Montgomery, 
TN 
124.63 62.35 8.81 32539.27 
4.025 km 2001 Alexander Cave Perry, TN 126.0 63.03 8.35 32707.48 
4.025 km 2001 Tobaccoport Cave Stewart, TN 130.11 65.09 8.88 32352.56 
4.025 km 2001 Clark's Cave Bath, VA 79.13 39.59 4.98 32588.27 
4.025 km 2001 
Starr Chapel 
Saltpeter 
Bath, VA 85.13 42.60 3.81 32960.46 
4.025 km 2001 Newberry -Bane Bland, VA 78.08 39.07 4.40 33591.07 
4.025 km 2001 
Hupman's 
Saltpeter 
Highland, VA 82.96 41.51 4.08 32388.41 
4.025 km 2001 
Grassy Springs 
Cave 
Lee, VA 108.15 54.10 6.72 33049.66 
4.025 km 2001 Aeolus Bat Cave 
Bennington , 
VT 
104.29 52.18 0.91 28915.03 
4.025 km 2001 Skinner Hollow 
Bennington , 
VT 
118.87 59.46 0.74 29100.35 
4.025 km 2001 
Brandon Silver 
Mine 
Rutland, VT 90.05 45.05 0.93 28877.07 
4.025 km 2001 Nickwackett Rutland, VT 90.05 45.05 0.93 28980.84 
4.025 km 2001 Plymouth Windsor, VT 97.11 48.58 -0.52 29056.80 
4.025 km 2001 Piercys Greenbrier, 82.04 41.05 4.67 32910.67 
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WV 
4.025 km 2001 
Greenville 
Saltpeter 
Monroe, WV 75.37 37.71 5.09 33056.96 
4.025 km 2001 Minor Rexrode 
Pendleton, 
WV 
78.57 39.31 3.94 32140.98 
4.025 km 2001 Marthas 
Pocahontas, 
WV 
94.17 47.11 2.96 33701.80 
4.025 km 2001 Snedegars 
Pocahontas, 
WV 
96.75 48.41 3.17 33637.89 
4.025 km 2001 Cornwell Preston, WV 103.91 51.99 4.26 31454.0 
4.025 km 2001 Fortlick Randolph, WV 121.57 60.82 3.05 33045.34 
4.025 km 2001 Izaak Walton Randolph, WV 110.58 55.32 2.77 32685.91 
4.025 km 2001 Stewart Run Randolph, WV 116.91 58.49 2.65 33418.71 
4.025 km 2001 
Arbogast/Cave 
Hollow 
Tucker, WV 117.30 58.68 2.99 31836.66 
4.025 km 2001 Big Springs Tucker, WV 111.07 55.56 3.72 31368.92 
4.025 km 2001 Armstrong Lawrence, AL 129.53 64.79 10.05 33801.21 
4.025 km 2001 Chimney Rock Barry, MO 97.93 49.0 7.02 32846.65 
4.025 km 2001 Kelley Ridge Cave Blount, TN 119.57 59.81 7.56 32423.72 
4.025 km 2001 
Cobb Creek 
Saltpetre Cave 
Fentress, TN 118.92 59.49 7.55 33267.11 
4.025 km 2001 
Dragon's Breath 
Cave 
Fentress, TN 118.44 59.25 7.61 32851.12 
4.025 km 2001 Nickajack Cave Marion, TN 113.87 56.97 8.87 33211.37 
4.025 km 2001 Camps Gulf Cave Van Buren, TN 121.54 60.80 7.79 33481.29 
4.025 km 2001 Wind Wayne, KY 115.93 58.0 7.45 32248.52 
4.025 km 2001 Bull Mine Orange, NY 89.35 44.71 4.77 29399.73 
8.05 km 2001 
Unimin - Magazine 
Mine 
Alexander, IL 110.74 20.05 8.30 31961.65 
8.05 km 2001 Batwing Crawford, IN 107.01 19.59 6.75 31552.65 
8.05 km 2001 Wyandotte Crawford, IN 106.62 19.69 6.98 31478.72 
8.05 km 2001 Ray's Greene, IN 109.35 18.75 7.12 31069.40 
8.05 km 2001 Jug Hole Harrison, IN 104.18 19.77 7.36 31411.51 
8.05 km 2001 Twin Domes Harrison, IN 104.39 19.68 7.06 31519.07 
8.05 km 2001 Coon Monroe, IN 110.0 18.16 6.69 31195.96 
8.05 km 2001 Grotto Monroe, IN 110.0 18.16 6.69 31220.04 
8.05 km 2001 
Bat (Carter Caves 
SRP) 
Carter, KY 89.63 19.73 5.91 31492.28 
8.05 km 2001 Dixon Edmonson, KY 100.47 20.82 8.59 32126.61 
8.05 km 2001 Pilot Knob Mine Iron, MO 87.35 20.02 6.87 32438.23 
8.05 km 2001 Great Scott Washington, 88.59 19.69 5.78 31831.37 
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MO 
8.05 km 2001 
Walter Williams 
Preserve Mine 
Ulster, NY 100.61 15.56 5.02 29049.97 
8.05 km 2001 
Williams Hotel 
Mine 
Ulster, NY 100.08 15.42 5.12 29018.97 
8.05 km 2001 
White Oak 
Blowhole 
Blount, TN 110.66 20.72 7.17 32744.61 
8.05 km 2001 Hellhole 
Pendleton, 
WV 
78.92 16.74 4.04 31879.87 
8.05 km 2001 Coach Edmonson, KY 100.96 20.85 8.63 32471.51 
8.05 km 2001 Long Edmonson, KY 100.33 20.86 8.67 32366.05 
8.05 km 2001 Line Fork Letcher, KY 91.33 19.90 6.74 31659.65 
8.05 km 2001 Onyx Crawford, MO 87.94 19.77 5.62 31934.62 
8.05 km 2001 
Copper Hollow 
Sink 
Franklin, MO 90.70 19.63 6.25 31778.17 
8.05 km 2001 Brooks Pulaski, MO 78.04 20.19 6.66 32433.43 
8.05 km 2001 Ryden Pulaski, MO 77.56 19.59 6.67 32293.57 
8.05 km 2001 Horsethief Madison, AR 101.49 20.41 8.64 33636.81 
8.05 km 2001 Cave Mountain Newton, AR 107.18 18.65 8.24 33461.77 
8.05 km 2001 Edgeman Newton, AR 107.18 18.65 8.24 33345.44 
8.05 km 2001 Horseshoe Newton, AR 104.61 19.01 8.23 33147.65 
8.05 km 2001 Unimin - Mine 30 Alexander, IL 109.73 20.05 8.32 31901.72 
8.05 km 2001 Griffith Hardin, IL 110.64 20.29 7.70 31955.42 
8.05 km 2001 Gutherie Hardin, IL 110.64 20.29 7.70 31952.88 
8.05 km 2001 Toothless Jackson, IL 106.14 19.81 8.03 31773.52 
8.05 km 2001 Blackball Mine LaSalle, IL 84.23 16.30 4.68 30047.44 
8.05 km 2001 Ellis Pope, IL 110.78 20.28 7.81 31958.17 
8.05 km 2001 Parker's Pit Harrison, IN 104.21 19.72 7.22 31462.78 
8.05 km 2001 B&O 
Breckinridge, 
KY 
108.19 20.04 7.81 31897.86 
8.05 km 2001 Norton Valley 
Breckinridge, 
KY 
110.59 19.88 7.87 31703.50 
8.05 km 2001 Thornhill 
Breckinridge, 
KY 
105.61 20.12 7.72 32068.40 
8.05 km 2001 Laurel Carter, KY 89.63 19.73 5.91 31483.49 
8.05 km 2001 Saltpeter Carter, KY 89.63 19.73 5.91 31494.06 
8.05 km 2001 Colossal Edmonson, KY 100.47 20.82 8.59 32166.87 
8.05 km 2001 Jesse James Edmonson, KY 100.88 20.91 8.66 32477.31 
8.05 km 2001 Morton Estill, KY 98.68 19.51 7.06 31601.82 
8.05 km 2001 
Frenchman's Knob 
Pit 
Hart, KY 103.16 20.37 8.15 32255.53 
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8.05 km 2001 Wind Jackson, KY 93.75 19.23 6.29 31898.55 
8.05 km 2001 Cave Hollow Lee, KY 95.23 19.74 6.84 31616.76 
8.05 km 2001 Stillhouse Lee, KY 96.43 19.65 6.91 31636.33 
8.05 km 2001 Green Letcher, KY 97.04 19.70 6.65 31977.97 
8.05 km 2001 Little Amos Menifee, KY 102.37 19.57 7.56 31509.63 
8.05 km 2001 Smokehole Rockcastle, KY 94.86 19.18 7.39 32233.71 
8.05 km 2001 Waterfall Rockcastle, KY 95.21 19.21 7.37 32138.17 
8.05 km 2001 Bear Franklin, MO 90.70 19.63 6.25 31786.91 
8.05 km 2001 Great Spirit Pulaski, MO 78.77 20.71 6.61 32316.82 
8.05 km 2001 Tunnel Pulaski, MO 78.66 20.69 6.57 32149.39 
8.05 km 2001 Cookstove Shannon, MO 84.28 20.16 6.36 32191.63 
8.05 km 2001 Martin # 1 Shannon, MO 85.37 20.24 6.40 32063.68 
8.05 km 2001 Mose Prater Shannon, MO 81.95 20.04 6.53 32068.61 
8.05 km 2001 Powder Mill Shannon, MO 86.07 20.23 6.38 32105.95 
8.05 km 2001 Hamilton 
Washington, 
MO 
90.39 19.67 6.06 31705.64 
8.05 km 2001 Scotia Hollow 
Washington, 
MO 
88.24 19.74 5.70 31744.63 
8.05 km 2001 Barton Hill Mine Essex, NY 84.13 13.73 0.93 28492.31 
8.05 km 2001 Glen Park Cave Jefferson, NY 94.48 13.68 3.0 28505.03 
8.05 km 2001 
Jamesville Quarry 
Cave 
Onondaga, NY 90.64 14.24 3.98 29004.85 
8.05 km 2001 
Williams Lake 
Mine 
Ulster, NY 100.08 15.42 5.12 29011.95 
8.05 km 2001 
Lewisburg 
Limestone Mine 
Preble, OH 91.49 17.11 5.64 31570.85 
8.05 km 2001 Canoe Creek Mine Blair, PA 78.83 16.17 5.10 30544.12 
8.05 km 2001 Penns Cave Centre, PA 78.67 15.66 4.33 30500.38 
8.05 km 2001 
New Mammoth 
Cave 
Campbell, TN 98.19 19.63 6.06 32711.65 
8.05 km 2001 Wolf River Cave Fentress, TN 111.38 19.46 7.59 32772.96 
8.05 km 2001 Pearson Cave Hawkins, TN 87.57 20.34 6.92 32549.83 
8.05 km 2001 Bellamy 
Montgomery, 
TN 
114.95 20.95 8.81 32689.0 
8.05 km 2001 
Cumberland Gap 
Saltpeter 
Lee, VA 98.54 20.05 6.71 32776.42 
8.05 km 2001 
Higgenbotham No 
1 
Tazewell, VA 80.96 17.71 4.31 33925.71 
8.05 km 2001 Rocky Hollow Cave Wise, VA 92.97 18.19 6.50 31832.66 
8.05 km 2001 Trout 
Pendleton, 
WV 
78.50 16.91 4.11 32345.94 
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8.05 km 2001 Fern Jackson, AL 119.77 21.65 9.18 33690.22 
8.05 km 2001 Sauta Jackson, AL 120.06 22.23 9.24 33760.71 
8.05 km 2001 War Eagle Cavern Benton, AR 102.09 20.45 8.75 33357.83 
8.05 km 2001 
Rosson Hollow 
Crevices 
Franklin, AR 116.96 21.46 8.40 33331.65 
8.05 km 2001 Hankins 
Independence
, AR 
97.22 22.20 8.99 32787.96 
8.05 km 2001 Corkscrew Newton, AR 99.38 20.0 8.30 33294.59 
8.05 km 2001 Fitton Newton, AR 113.94 18.11 8.31 33445.21 
8.05 km 2001 Wolf Creek Newton, AR 113.94 18.11 8.31 33445.21 
8.05 km 2001 Amphitheatre Stone, AR 101.47 21.24 8.24 32490.99 
8.05 km 2001 Barkshed Saltpetre Stone, AR 101.36 21.12 8.06 32652.16 
8.05 km 2001 Biology Stone, AR 101.21 21.33 7.99 32428.52 
8.05 km 2001 Gustafson Stone, AR 101.36 21.12 8.06 32450.80 
8.05 km 2001 Hidden Springs Stone, AR 101.47 21.24 8.24 32502.66 
8.05 km 2001 Rowland Stone, AR 101.86 21.05 8.39 32626.07 
8.05 km 2001 Roxbury Iron Mine Litchfield, CT 99.29 16.61 4.21 29519.22 
8.05 km 2001 Mine 26 Alexander, IL 110.74 20.05 8.30 32027.97 
8.05 km 2001 Cave Spring Hardin, IL 110.75 20.29 7.74 31925.37 
8.05 km 2001 Brainerd Jersey, IL 92.99 18.65 7.16 31179.15 
8.05 km 2001 Fogelpole Monroe, IL 96.63 19.47 7.26 31846.45 
8.05 km 2001 Brasher Pope, IL 111.57 20.40 8.66 32156.98 
8.05 km 2001 
Barney Grace 
Mine 
Union, IL 111.77 20.06 8.24 31928.16 
8.05 km 2001 Jason Mine Union, IL 113.22 20.07 8.19 31924.31 
8.05 km 2001 Robinson Ladder Crawford, IN 106.92 19.51 6.78 31609.83 
8.05 km 2001 
Saltpeter-
Crawford 
Crawford, IN 106.62 19.69 6.98 31480.28 
8.05 km 2001 Wildcat Crawford, IN 106.62 19.69 6.98 31486.11 
8.05 km 2001 Sexton Spring Greene, IN 112.29 18.86 7.24 31227.24 
8.05 km 2001 Binkley Harrison, IN 100.87 19.84 7.41 31925.82 
8.05 km 2001 Swinney Harrison, IN 102.71 19.75 7.27 31648.56 
8.05 km 2001 Wallier Harrison, IN 100.82 19.92 7.44 31768.95 
8.05 km 2001 Gypsy Bill Allen Martin, IN 110.68 19.0 6.59 31176.58 
8.05 km 2001 Buckner Monroe, IN 110.0 18.16 6.69 31224.45 
8.05 km 2001 King Blair/Brinegar Monroe, IN 110.0 18.16 6.69 31216.11 
8.05 km 2001 Leonard Spring Monroe, IN 110.65 18.24 6.91 31294.99 
8.05 km 2001 Salamander Monroe, IN 110.0 18.16 6.69 31225.06 
8.05 km 2001 Saltpeter-Monroe Monroe, IN 110.45 18.10 6.86 31287.14 
8.05 km 2001 Endless Washington, 109.06 19.11 7.05 31410.50 
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IN 
8.05 km 2001 Panther/Neyman 
Washington, 
IN 
108.49 19.15 7.13 31608.13 
8.05 km 2001 River 
Washington, 
IN 
109.06 19.11 7.05 31412.33 
8.05 km 2001 Indian Barren, KY 100.18 20.91 8.72 32405.04 
8.05 km 2001 Big Bat 
Breckinridge, 
KY 
105.74 20.08 7.66 23816.63 
8.05 km 2001 Buzzard 
Breckinridge, 
KY 
109.93 19.96 7.94 31751.49 
8.05 km 2001 Penitentiary 
Breckinridge, 
KY 
109.93 19.96 7.94 31755.62 
8.05 km 2001 Carter City Caves Carter, KY 89.06 19.80 5.56 31342.38 
8.05 km 2001 Cascade Carter, KY 89.63 19.73 5.91 31523.59 
8.05 km 2001 Bob Overton Christian, KY 110.55 21.07 8.69 32090.62 
8.05 km 2001 Bat Edmonson, KY 102.30 20.66 8.25 32177.12 
8.05 km 2001 
Beckner's 
Saltpeter 
Edmonson, KY 101.32 20.77 8.56 32476.60 
8.05 km 2001 Mammoth Cave Edmonson, KY 100.47 20.82 8.59 32137.41 
8.05 km 2001 Prairie Hall Estill, KY 98.21 19.52 7.25 31557.19 
8.05 km 2001 Wilson Hart, KY 101.12 20.76 8.54 32107.47 
8.05 km 2001 Bowman Saltpeter Jackson, KY 93.86 19.27 7.48 32190.21 
8.05 km 2001 Cedar Post Jackson, KY 93.75 19.23 6.29 32005.05 
8.05 km 2001 John Henry Jackson, KY 94.18 19.13 7.12 32258.08 
8.05 km 2001 Misty Jackson, KY 93.93 19.10 6.39 31953.67 
8.05 km 2001 String Jackson, KY 94.62 19.09 6.80 32291.78 
8.05 km 2001 War Fork Jackson, KY 93.75 19.23 6.29 31941.26 
8.05 km 2001 Armine Branch Lee, KY 95.23 19.74 6.84 31542.69 
8.05 km 2001 Ash Lee, KY 96.52 19.62 6.83 31701.27 
8.05 km 2001 Bus Stop Lee, KY 96.43 19.65 6.91 31690.08 
8.05 km 2001 Sparkle Lee, KY 94.37 19.77 6.78 31519.21 
8.05 km 2001 Crystal Letcher, KY 91.33 19.90 6.74 31659.98 
8.05 km 2001 Shaw Hill Bat Livingston, KY 110.80 20.39 8.70 32153.24 
8.05 km 2001 Cave Branch Menifee, KY 102.36 19.54 7.38 31351.64 
8.05 km 2001 Hall Sink Menifee, KY 102.36 19.54 7.38 31476.95 
8.05 km 2001 Well Menifee, KY 102.36 19.54 7.38 31457.47 
8.05 km 2001 Minton Hollow Pulaski, KY 97.40 19.79 7.38 32250.87 
8.05 km 2001 South Goldson Pulaski, KY 96.13 19.84 7.46 32256.30 
8.05 km 2001 Climax Rockcastle, KY 94.42 19.19 7.41 32230.99 
8.05 km 2001 Goochland Rockcastle, KY 94.42 19.19 7.41 32260.24 
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8.05 km 2001 
Humongous 
Canyon 
Rockcastle, KY 95.39 19.26 7.36 32093.60 
8.05 km 2001 
Sinks of 
Roundstone 
Rockcastle, KY 95.39 19.26 7.36 32124.53 
8.05 km 2001 Twin Springs Rockcastle, KY 95.21 19.21 7.37 32155.53 
8.05 km 2001 Big Sulphur Trigg, KY 117.34 20.99 8.69 32694.49 
8.05 km 2001 Cool Springs Trigg, KY 117.67 21.03 8.76 32596.54 
8.05 km 2001 Limestone Whitley, KY 97.71 20.0 6.58 32413.89 
8.05 km 2001 
Chester Emery 
Mine 
Hampden, MA 94.28 16.91 5.0 29323.18 
8.05 km 2001 Devil's Icebox Boone, MO 91.85 18.73 7.08 31392.92 
8.05 km 2001 Rocheport Boone, MO 91.77 18.67 7.15 31324.64 
8.05 km 2001 Carroll Camden, MO 78.74 20.02 7.30 32233.80 
8.05 km 2001 River Camden, MO 83.30 20.09 8.01 31864.88 
8.05 km 2001 Toby Camden, MO 84.14 19.55 7.35 31791.82 
8.05 km 2001 Panther Spring Carter, MO 96.43 20.59 6.81 32212.07 
8.05 km 2001 Bat Crawford, MO 85.33 19.94 5.10 31804.62 
8.05 km 2001 Saloon Crawford, MO 86.63 19.87 5.33 31779.20 
8.05 km 2001 Watson Dent, MO 79.66 20.21 6.39 32366.40 
8.05 km 2001 Mushroom Franklin, MO 90.70 19.63 6.25 31809.82 
8.05 km 2001 Cave Hollow Iron, MO 80.42 19.78 6.56 32553.14 
8.05 km 2001 Coffin Laclede, MO 78.36 19.88 7.75 32146.68 
8.05 km 2001 Mary Lawson Laclede, MO 80.43 19.96 7.82 32013.24 
8.05 km 2001 Slaven Laclede, MO 81.72 20.0 7.86 31852.55 
8.05 km 2001 Bruce Pulaski, MO 78.90 19.72 6.46 31969.56 
8.05 km 2001 Davis Cave No. 2 Pulaski, MO 77.99 20.16 6.77 32491.32 
8.05 km 2001 Joy Pulaski, MO 77.99 20.16 6.77 32527.45 
8.05 km 2001 Knife Pulaski, MO 78.11 20.38 6.73 32420.77 
8.05 km 2001 Onyx Pulaski, MO 78.58 19.87 6.43 31962.81 
8.05 km 2001 Piquet Pulaski, MO 78.32 20.10 6.61 32274.56 
8.05 km 2001 Marvel Shannon, MO 84.76 20.22 6.38 32113.49 
8.05 km 2001 Tyson Quarry St. Louis, MO 97.12 19.14 7.33 31285.14 
8.05 km 2001 Dunvin Texas, MO 78.14 19.27 6.68 32706.51 
8.05 km 2001 Smittle Wright, MO 72.74 19.23 6.99 32909.76 
8.05 km 2001 Hibernia Mine Morris, NJ 94.51 16.53 4.23 30104.41 
8.05 km 2001 Taylor Mine Morris, NJ 95.12 16.39 4.07 29295.11 
8.05 km 2001 
Lawrenceville 
Mine 
Ulster, NY 100.08 15.42 5.12 0.0 
8.05 km 2001 
Bennet Hill - 
Hitchcock Mine 
Warren, NY 87.42 13.35 0.67 28485.81 
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8.05 km 2001 
Main Graphite 
Mine 
Warren, NY 91.23 13.88 1.32 28744.12 
8.05 km 2001 Ironton Mine Lawrence, OH 85.78 19.36 6.43 31114.15 
8.05 km 2001 Long Run Mine Armstrong, PA 84.11 17.12 4.22 30615.50 
8.05 km 2001 Hipple Cave Bedford, PA 76.19 16.45 4.70 31066.89 
8.05 km 2001 Sharer Cave Centre, PA 78.40 15.67 4.52 30591.0 
8.05 km 2001 Aitkin Cave Mifflin, PA 78.55 16.21 4.72 30420.73 
8.05 km 2001 
S Penn RR Tunnel - 
Allegheny  Mtn 
Somerset, PA 81.58 15.48 3.07 32228.60 
8.05 km 2001 Bull Cave Blount, TN 109.53 20.87 7.51 32994.31 
8.05 km 2001 Zarathustra Cave Fentress, TN 110.56 19.12 7.61 29925.69 
8.05 km 2001 Indian Cave Grainger, TN 94.86 20.66 7.89 33280.58 
8.05 km 2001 Blue Spring Cave 
Montgomery, 
TN 
105.62 21.47 8.59 32712.12 
8.05 km 2001 Coleman Cave 
Montgomery, 
TN 
114.95 20.95 8.81 32660.68 
8.05 km 2001 Alexander Cave Perry, TN 115.61 21.36 8.34 32747.13 
8.05 km 2001 Tobaccoport Cave Stewart, TN 120.58 20.84 8.88 32386.64 
8.05 km 2001 Clark's Cave Bath, VA 83.28 18.14 4.87 32698.85 
8.05 km 2001 
Starr Chapel 
Saltpeter 
Bath, VA 89.33 16.50 3.38 32896.31 
8.05 km 2001 Newberry -Bane Bland, VA 71.96 17.49 4.40 33673.0 
8.05 km 2001 
Hupman's 
Saltpeter 
Highland, VA 85.46 17.30 4.01 32539.30 
8.05 km 2001 
Grassy Springs 
Cave 
Lee, VA 98.54 20.05 6.71 32831.30 
8.05 km 2001 Aeolus Bat Cave 
Bennington , 
VT 
122.53 13.55 0.79 29183.30 
8.05 km 2001 Skinner Hollow 
Bennington , 
VT 
121.48 13.40 0.82 28740.36 
8.05 km 2001 
Brandon Silver 
Mine 
Rutland, VT 96.50 14.20 0.89 28894.97 
8.05 km 2001 Nickwackett Rutland, VT 96.50 14.20 0.89 29033.27 
8.05 km 2001 Plymouth Windsor, VT 107.56 13.45 -0.47 29500.31 
8.05 km 2001 Piercys 
Greenbrier, 
WV 
79.16 17.26 4.60 33054.92 
8.05 km 2001 
Greenville 
Saltpeter 
Monroe, WV 70.23 18.39 5.09 33076.77 
8.05 km 2001 Minor Rexrode 
Pendleton, 
WV 
79.61 16.73 3.92 32327.34 
8.05 km 2001 Marthas 
Pocahontas, 
WV 
94.53 15.84 2.88 33450.96 
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8.05 km 2001 Snedegars 
Pocahontas, 
WV 
95.79 16.04 3.21 33383.67 
8.05 km 2001 Cornwell Preston, WV 104.22 16.31 4.27 31627.59 
8.05 km 2001 Fortlick Randolph, WV 115.65 14.61 3.09 33084.93 
8.05 km 2001 Izaak Walton Randolph, WV 104.28 15.45 2.79 32882.30 
8.05 km 2001 Stewart Run Randolph, WV 110.59 13.83 2.66 33480.07 
8.05 km 2001 
Arbogast/Cave 
Hollow 
Tucker, WV 111.81 15.28 2.93 32255.62 
8.05 km 2001 Big Springs Tucker, WV 107.92 16.05 3.63 31719.76 
8.05 km 2001 Armstrong Lawrence, AL 119.98 22.04 10.06 33918.60 
8.05 km 2001 Chimney Rock Barry, MO 97.50 19.84 7.0 32950.89 
8.05 km 2001 Kelley Ridge Cave Blount, TN 109.53 20.87 7.51 33091.16 
8.05 km 2001 
Cobb Creek 
Saltpetre Cave 
Fentress, TN 110.56 19.12 7.61 33520.42 
8.05 km 2001 
Dragon's Breath 
Cave 
Fentress, TN 110.56 19.12 7.61 33230.19 
8.05 km 2001 Nickajack Cave Marion, TN 115.72 21.57 8.78 33599.55 
8.05 km 2001 Camps Gulf Cave Van Buren, TN 116.14 19.44 7.79 33694.25 
8.05 km 2001 Wind Wayne, KY 108.78 19.69 7.45 32558.46 
8.05 km 2001 Bull Mine Orange, NY 95.69 16.41 4.75 29485.53 
 
 
